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PREFACE. 



TaiB text-book on Chemistry, iateaded for the use 
of colleges iad schools, contains the outline of the 
course of Lectures which I 0.ve every year in this 
University. 

I 4o not, therefore, present to teachers an untried 
work. Its divisions and arrangement are the result 
of aiL experience of several years ; an experience 
wnich has proved to me tnat tSere is required a text- 
book of small size, so uat students can pass through 
it readily in the time usually devoted to Chemistry. 

Every instructor in this science must have observ- 
ed that the ordinary " Treatises" or " Elements* are 
by no means suited to nis wants. When they are 
employed in the claas-room, raere are large portions 
which have to be omitted, and other portions too 
briefly expIaSaed. In ^ct, to study Chemistry suc- 
cessfully, tSe first tmng which is wanted is a com- 
pendious book, wmch'sets fcnrth inj>lain language 
the great features of tfie science, without perplexing 
the beginner wim too mudi detaiL 
A3 
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It will be understood, therefore, that this work, 
with little preteDBiona to originality, except where 
directly specified, occupies a difibrent field irom that 
of the larger treatises. It is intended as a manual, 
arranged in such divisions as practice has shown to 
be suitable for daily instruction. It is the exposition 
of what I have found to be a satis&ctory method of 
teaching; and of its success our annual exaoiinations 
are tha best testimonial. - 

The unsuitableuAH of large text-bools has led to 
many attempts to reduce their lize by abiMctf and 
compeudiums ; but the difficulty can never be avoid- 
ed by that means ; the very stracture of such works 
is faulty. We never want to use tdl that an authM- 
knows or can possibly eay on the subject ^t has 
been well remarked, that "The greatest service 
which can be rendered to our science, is for some 
person who has had the m&nagement of large classes 
for several years to sit down and write a book, set- 
ting forth what he aaid and what he did every day in 
bia Lectures. That is the thing we want" 

While, tfaere&re, ^ book is offered to iiurtructon 
as a practical work, Uie object of which is to display 
the leadii^ features of the science, I have endeavored 
to make it a represraitation of \ho present state of 
Chemistry. I^ this respect many of our most popu- 
lar works are defective. , Among tiiem I should not 
know where to turn Sfc a simple expositicm of the 
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Wave theory of Light or of Ohm's theory of Voltaic 
CurreDts ; yet the one is the most strikiiig result of 
physical research, and the other is connected with 
the fundamental &cts of Electrochemistry. 

To the treatises of Hare, Kane, Graham, Gregory, 
Fownes, Dumas, and Millon I must formally state 
my obligations. In Descriptive Chemistry I have fol- 
lowed them closely ; and in those cases which are 
much more common than is generally supposed, 
where Uiere are differences in the imputed proper- 
ties of bodies, I have consulted, Wherever I could, 
either original memoirs or the annual reports of Ber- 
zelius. 

The number of wood-cuts, representing experi- 
mental arrangements, which have been introduced, 
will give to a beginner a clearer idea of the practical 
part of each Lecture, and, in our country colleges, 
may sometimes supply the place of defective or in- 
complete apparatus. To each Lecture is appended a 
set of questions. They enable a young student more 
quickly to apprehend the doctrines which are before 
him. 

John William Dkafek. 
Unirenitf of New Totk, i 
Jnly 6, 164B. f 
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INTRODUCTION. 

coNSTmmoN asj> oehebal PKOFERTiEa or lUTm. 



LECTURE I. 

Constitution of Matter. — BiitiHctitM itltoee* C3itm- 
ittrt/ and Nalurat PhiloMtpky.—Gtneral Dintum rf" 
Chemittry. — Active Foreet and Ponderahle Bodict^~ 
'Proof. of the Atomic CamtittUiom of Matter in the Ctuet 
ifa Solid and a Gat.— Atom* are inconceieaUy rmaU^— 
They are not in. contact. — They are unchangeaiU and 
indestructible. 

The physical soiencea are divided into two classes, com- 
prehended respectively under the titles of Natural Phi- 



LOBOPKT a 

Nataral Philosophy investigates the relatiqnBof mass** 
to one another. The movemeiits of tides in the sea un- 
der the conjoint influence of the sun and moon ; tiie de- 
scent of falling bodies to the earth ; the pressure of the 
atmosphere ; the various modes of rendering mechanical 
forces available, by die action of levers, pulleys, wedges, 
screws; the phenomena of the planetary bodies, which 
move in elliptic orbits around a central mass : diese are 
ail object* for t^e considejation of Natural Philosophy. 

Chemistry consider^ tffe relations of pardcles to each 
other ; it investigates die properties and qualities of difier^ 
ent kinds of matter, their mutual influence, and the ac- 
tion of the imponderable principles upon tnem. It treats 
of the causes of those invisible movements wMch the 
molecules of bodies around us unceasingly undergo. It 
also includes many of the phenomena of living beings, 
explains the objects of respiration, digestion, and other 
SQch animal functions. 

Every change taking place in bodies is due to the op- 
eration of some active force. It is one of the first jyrinci- 
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8 COKSTITUTION OP MATTER. 

plea in philosophy, that no movement or mutatton can oc- 
cur in any thing spontaneously ; we must always refer it 
to a disturbing cause. Under the influence of heat, bodies 
increase in size ; under that of electricity, some are dis- 
severed into their component elements ; under that of 
light, vegetables form from inorganic materials their or- 

Snized structures. The science of chemistry resolves 
elf^therefore, into two divisions: the first, embracing the 
consideration of the active forces of chemistry; the sec- 
ond, the objects on which those forces operate. 

These active forces are Heat, Light, and Electricity, 
By-diB older ■chemists, they are designated as imponder- 
able substances, fiom the circumstance that they'do.not 
affect the most sensitive balances. 

We can form no ideft of the properties of bodies dis- 
engaged from the influence of these principlos. Thus 
tve find all material substances existing under one of 
three conoitionB, solid, or liquid, or gaseous ; ftnd the 
majority can assume either of these conditions under the 
influence of heat. Water, for instance, at luw tempera- 
tures, exists in the solid state as ice ; at higher tempera- 
tures, it assumes the liquid condition ; and, at still higher, 
exhibits tl)e gaseous form. We see, therefore, that it i» 
the detp^ee of beat to which it is exposed which det«r- 
mines its physical state. 

One of the first problems which the chemist has to solve, 
is that o£ determining the true constitution of matter ; not. 
of matter in the abstract, but as placed under the influence 
of these external powei-s. 

Fig. I. All the pl\enomein of chemistry 

prove thatTnaterial substances con- 
■ St of indivisible and exceedingly mi- 
jte portions, "called Atoms, which 
•e placed at certain distances, from 
ic another, those distances being 
. variable and determined by the agen- 
cy of active forces. 
Thus, if we take a copper ball, a,- 
Fig. 1, an inch in diameter, and provide a ring, ^, of such a 

What ire the two leadi^? diri«iona of chenristry 1 What sre the a«- 
ive force* ol chemistry T Why ue thus called impondenble bodie* ! 
What are the three foimi of inbitBiicBS I What ii it thit detemiiaei 
Aetebtaml , WhntiitheonutlCntkatafmatterl Deeciibe the airaDge- 
mentordwinitnuDeiil^/V- ^ and iti iu«. 



0;yG6OglC 




EXPANSION OP SOLIDS. S3 

Upon a strong basis or wooden board, a b, let there be 
fastened two brass upriebls, c d, with notches cut in them, 
BO as to receive the eads of the metallic bar, e. . This bar 
should be very slightly shorter than the dietance between 
the two uprights, that when it is placed resting in their 
grooves, if we take hold of it and move it, it will make a 
rattling sound as we push it backward and forward. If 
now we pour hot water upon the bar, it dilates, as ia 
proved on restoring it to its position between the uprights ; 
It will no longer rattle, for it occupies the whole distance 
between them, and perhaps there may even be a dificnlty 
in forcing it into the grooves. 

For th() determination of very small spaces, the sense 
of healing may often be far more effectually employed 
than the sanse of sight. 

The pyrOBQeter, "*'■ '*■ 

of which we, have 
several varietiesi'is 
represented in Fig. 
, 15. Rmayserveto 
illustrate the fact j 
that solid substan- 
ces expand by heat. 
It consists essen- 
tially of a metallic 
bar, a a, resting at 
one end against an 
immovable prop, e, the other end betaing upon a lever, >.■ 
The extremity of this lever presses upon a second lever, 
c, which dso serves as an index. Upon the index-lever 
a spring acts so as to oppose the lever b, and the point of 
the index ranges over a graduated scale. 

If now lamps be applied to the bar, it expands, and the 
pressure taking effect on the lever, puts it m motion, the 
index travereing over the scale. On removing the lamp 
the bar contracts, and the spring pressing the lever in the 
opposite direction aa soon as the bar ia cold, brings the 
index back to its original point. 
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CONTBACTION AND DILATATION Of I 



LECTURE VI. 

Expansion of Solids. — Contraction of Solid*. — The;/ 
exprntd irregularly. — Different Solidt expand d^erent- 
h/. — Point* of Maximum Dentity. — Metallic TAermont- 
ctert. — Nature of Thermometric Ltdieationi, 

It is a popular error, that when solid bodies have heeo 
heated, they do not return, on cooling, to their original size- 
Without resorting to any esperiniental proof, & few sim- 
ple considerations will satisfy us on this point If a bar 
of metal be exposed for a length of time in the open air, 
it will of course be aubiected to continual chaa^es of tem- 
perature; whenever the sun shines on it it will expand, 
and during the cold night it will con^ct. If now, on 
cooling, it did not rigorously come back to its original 
size, but remained a little elongatedi we shonld oheerre it ■ 
increasing from day to day, and no matter how minute the 
difference might be, in the coun^ of time it would become 
perceptible. Public edifice? in cities are often surround- 
ed by railings of cast iron, which are constantly exposed 
for yean to ratiations oPiicat and cold, but did any person 
ever observe them to grow or increase in size? Wo 
conclude, therefor^ that solid bodies, on cooling to their 
original temperature, regain their original bulk. 

By linear dilatation wb mean increase in one dimension, 
as in length ; by cubic dilatation, increase in all dimensions, 
length, breadth, and thickness. Knovring the amount of 
linear dilatation of a given solid, we can easily ascertain 
its cubic dilatation, by multiplying the former by 3. This 
result is near enough for practical purposes. 

Solids expand increasingly as their temperature rises, 
a phenonemon already observed in the case of liquids, 
and due to the same cause^a diminution of the cohesive 
force of the particles, because of their increased distance. 

Compared with one another, different solid substances 

Wlut decirive proof oan be ^ven that lolidj, on oadiu to their ch^dkI 
tflm peratare, come back to tbeiF origiaftl lize 1 What if Udbit dilitatiOD? 
Wliat ii cnbic dilMttiou ] How nn the fanner be converted into tha 
luter I Doe* the lune Mlid eipuid nmfonnly or increaungljr u iM t«ia. 
psntnia rinei T 
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COHPBNSATtOM BAKS. U 

expand difierendf for the same disturfaance of tempera* 
tare. Tbie may be shown by having ban cf difiarent 
metals, but of precisely the same lennhe, adjusted to the 
groovea of the inatrument, Fig. 14. If a bar of braw and 
one of iron be compared, it will be found that the braaa 
expands more than the iron, for it will eotirely fill the dia^ 
tance between the uprights, while the iron rattles betwe«i 

This difierence of espansion itf also shown when t*PO 
long alipa of metal are soldered togetber &£e to face. If 
we fasten in this manner a slip of brass to ifg. \t. 
a similar slip of iron, as iia Pig. 16, in ^ 
which a a is the slip of iron and b b the ^\ 
>Up of brass, at common' temperatures the 
compouad bar is adjusted so as to be 
■traighc, but if hot water be poured upon 
k, it immediately Curves, as represented 
at a c, the strip of brass being ob the out- 
side of the curYejif, on the other hand, it 
be artificially cooled, the curvature is i 
the other direction, as at i if , the iron being on the out- 
side of die curve. AU this is obviously due to the fitct 
that, for (he same disturbance of temperature, the brua 
contracts and dilates much more than the iron. Wban 
the temperature is raised, the brass becomes the longer, 
and compels the compound bar to curve, it occupying the 
greater length of the curve. When the temperature &11b, 
the brass becomes the shorter, and the bar curvea in tlis 
opposite direction. 

St takiag advantage of these metallic combinations, 
pendulums and balance-wheels for the accurate measure- 
ment of time have been constructed. The gridiron pen- 
dulum and the compensation balance are examples. 

There are some metallic bodies which exhibit poiuts of 
maximum density in the solid state. Rose's fusible metal 
is an example. When heated from 32° to 111°, it ex- 
pands, but after that point it contracts, and continues to do 
so until it reaches 156°, at which temperature it is actu- 
ally less than it is M. 3S°. From this point it again ex- 

Du differont lolidi expand alDie ? Of bran and tron, wblch expwidi 
imat t Dexribe tbe cDiutniGtion of ■ B m npmmd bsr, tnd the nSttct of 
wuminE and ca^iiig it. WbU iniCnunenti ua smtractsd on diii prop- 
<tty IWbst iro ths piDperticg cihilHtcd by Boit'i fiuiUs mMsl T 
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paads, and contmuea to do bo until it melts, whicli takes 
place at about 201° Fahrenheit. 

' Liquid thennometera have a limited range of iadica- 
tion. They can not be exposed to degrees of heat ap- 
proacIuDg the point of solidification, for then their move- 
ments become irregular ; neither can they be used for 
degrees near their boiling pdnt, for if rapor should ibrm, 
the instrument would be destroyed. Btlt as there are 
many metals which require a veiy great degree of heat 
to melt them, it might be expected that we should find 
among this class bocUes well suited for thermometric pur- , 
poses. The instrument given in Fig. 15 serves to illus*' 
trate such an- apparatus, and also the di&lcultiee encoun- 
tered in its use. From the small extent to yr^sit, metals 
expand, thU form of instrument requires leveiB, otfivheels, 
or some nroltiplying machinezy connected with it, to make 
the changes more perceptible ; but such mechanical con- 
trivances can not ne employed without the intTodwctitm 
of certain causes of disturbance. Friction occnts dn the 
centers of motion, the teeth of the wheels play on ,eacb 
other, and therefore the index,, instead of nKmng^ovith 
regularity and precision as the expanding bur :^>^tees, 
moves by starts often of several degrees at a tim«, Aen it 
nausea, and once more starts again, the whole movsment 
peing incompatible with eiiactness. . . . ; 

A compound strip of metal, as represented in Fin. 16, 
W fi:ee from many of these difficulties, and if of su^iept 
: ' ': ; j^ yj length, it will indicate tonq>eratuEe9 

with great delicacy. A modilica- 
tion of this instzliment \a knQWD,''Qn- 
der the name of Bregaet't* dier- 
piometer. It consists of trvery slen- 
der strip of platinivn, sold^ed.to a 
] similar piece of Bih|^,'tand>.'oitiTed 
into a helix, or spiral, ^'i, Fig. 17. 
It ig.fastened at its upper extreOBty 
to a metallic support, c'c,',and from 
ila lower portion an iQdex:pr(>}ect8, 
which plays over a graduated circle. The e^'ansion of 
silver is more than tvrice as great as that of platina ; 




I not liquid thflRDometsi* be ued for Teiy Hf vA "rery }agb 

r "1 Whit dinonltifli gccnr in ttia MB of tbii ir-' '^'' 

Duciibs Bregiiet'i (liemciUater. 
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nraikcdon has rescbed a certain' point, ebol- 'ir >*■ 
HdoB setB inland tbe water continues to boil 
Bl ft lower temperature as the exhauBtion is 
more perfect. In a vacuum, water can be 
made to boil at 67°. 

On this principle, that tbe boiling point de- 
pends on the existing preseurg, we give an ' 
eiplanatioti of a curious experiment, in 
wfaicb ebullition is appaTentl]f brought about 
by the application of cold : Tike a Flor- 
ence flask, a, S^. 33, and, having Mled 
it half fiiU of water, cause the water to ^ 
boil violently, so as to expel all the atmos- 
pheric air; introduce a cork which will fit . 
the ' mouth of the flask air-tight, a mo< ^ 
tnent after it is moved (com the lamp, and bef«re any 
atmospfieric air has been introduced.. If die fiask be 
now dipped into a jar, b, of cold water, its water be- 
gins to boil, and will continue to do so until its tempera- 
ture is reduced quite low. The cause of this pbenomenoo 
is due to the fact, that the cold water condenses the steam 
in the flask, and a partial vacuum ta the result. In this 
partial vacuum the water boils, as in the experiment il- 
lustrated by Fig, 32; and the steam, as fast as it is gen- 
orated, is condensed bv the cold aides of the flask. 

Besides thia variati^of the boiling point under varia- 
^on of pressure, the nature of the vessel in which the pro- 
cess is earned forward exerts a certain action ; thua, m a 
polished glass vessel the boiling point is 214°, but in a 
rough metal vessel it is 312°. 

Some travelleis report, that in certain mountainous re- 
gions meat can not be cooked by the ordinary process of 
boiling. As we ascend to elevated regions in die air, the 
atmospheric pressure becomes lesa, because the coluTun 
of air above is, shorter, and therefore there is loss air to 
press. Under a,uch circumstances, the boiliag point of 
water of i^ilrse descends, and may possibly become bo 
' "be unable to bring about the specific chan^ k 



quired 



B cooking of meat. An e 



t through S30 



At whu tempenMre win wMer bcnl in vacna T Bxplun liie proceM 
by iriiich wnta wttei taxr be made to binl by Ae ip^icatioa of cold t 
How Amttie nUore of ^ veaael nflbct the bcrilii^ point 1 Wbyiiit 
ptcbable Out meat can not b« coAed on higb mcxuiuiu* 1 
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feet lowers the boilin? point one degree. Upon thirinin- 
ciple we can determine the altitui^ of accessible elera- 
tions, by determining the thermometric point at which 
water boila upon tbem. A pecuUar thermometer, called 
the hypsometer, has been invented for this purpose. 

Wben a drop of water Is placed on a red-hot polished 
sur&ce of platinum, it does not, as might be ei^ected, 
commence to boil rapidly, but remains perfectly quiAcent, 
gathering itself np into a globule. If the platiaum hq 
now allowed to cool, as soon as its temperature boa reach- 
ed a point at which it ceases to be vwiUy hot, the drop 
of water is suddenly dissipated in a burst of steam. 
The explanation given of this phenomenon is, that at the 
high temperature the drop is not fairly in contact with the 
red-hxt surface, but a stratum of steam intervenes ; this, 
being a bad conductor, prevents ebullition from occurring, 
but as soon as the temperature declines, and this steam 
no longer props np the drop, an explosive ebullition en- 
sues, because of the contact which has taken place. 



LECTURE XII. 

VJlFOKIzatiok. — The BoUing P<^ rita witk lie Prest- 
uTe.—Relatioit hetweeti teiuible and tmauible Ufat, — 
The Cryoph&rvt. — Lalie't Proee** for Jreezing Water.' 
•'-Variaiiuiti/ of Ji^tlure in the Air. — Hygromelen.^ 
Method of thx Dew Point. 

Under an increase of pressure, the boiling point rises, 
and the elastic force of the steam evolved becomes corre- 
spondingly greater. As we have seen, the elastic ftxce of 
steam from water baihng at 212° is equal to thc^ress- 
nre of one atmosphere ; but if the pressure be doubled, 
the boiling point rises to 250° ; if quadrupled, to 294° j 
and under a pressure of fifty atmospheres, it is more than 
500°. 



nisy tiie 11(11048 of 
W^ *radie phc 



brius the MUng point to 911° t How 
be deterDuned by "'"" "^ — -• 



phliiinin? WhU ii die larawied eiplui 
point «fbol«d \rj an increuea preMiira f 
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Thega reaulta- may- l^a ertabliBhad by tl^» "w-**-. 
aid of the boiler, reprosented in f i^. 3t^, 
0. It ia, a^ globulac vosael of brass, ud is. 
iboul three ini:hes ia diaxaetor. Ib its upr. 
per pact are.bbcue per&iatioiui, into one of 
^hicb the stop-CQck, £, is screwed ; tbrougb 
tbe second a tube, c, is iusertad, dieepeoough, 
to lOhiii nearly to dia bottom, of the boil^c i, 
and thioueb the thi;^; a tbermoqietsr, (2,, i& 
iotroduced. Same quicksilver is poured 
in, sufficient to,coier Uie ead o£ the tube, 
c, half afi inch, or more dejep, and upon k 
* water is poured, the bulb of the thermometer beino iw> 
m^Esed in it The Uop-cock, b, being open, aspiritlaiDp 
is applied, to bring the water to its boi&ng poiQt, and as 
the steain can freely pass-out, this of courae- ta^es- plac^ 
at i\2°. On closing the stop-cock, the ste&n can bo 1o|^ 
ger escape, but exerting' its elaMic{brce^oo ^.sur&ce.of 
Ute boihng liquid, presses tba mercury up in the tube, e. 
The aldtude of tbe mercurial columu nJSasurw the smount 
of this preaaure, and the thermometer indicates the corrop 
spondiog change in the boiling, point ; as soon at the prei^ 
ure is equal to two atmospheres, U)e thermometer v^A 
be found to bare risen to 250°. 

It is immaterial at what temperature vaporization is 
carried on, a very \«t^ amount of heat ^ust ahr^a bft 
rendered latent ; and, in point of fact, yapore generated at - 
\ low temperature contain more, latent heat liian thosa 
generated at a bi^ one. The relation which exista. ift 
the amount of beat rendered latent at difTerent tempera- 
tures ia very simple. Th? siun of the insensible a^^ 
sensible heat is always the same ; thus, water boiling a( 
2i20 absorbs. 1000° of latent beat, the sum of the two. 
quantities being of course 1212° ; but v^or rising from, 
Water at 32° contains of latent heat 1 180° ; here, again, 
the sum of the two quantities ia 12l2° ; and the same ob 
servation holds fpr intermediate temperatures. 

When vspors return to the.Iiquia couditioc, the heat 
which haS: been latent ia tliem reawumes the eensibla 

Deroibe the bcriler. Kg. 31. and in hm- Do THon genentod at low 
or hieb UmperBtuei contBJu molt lUent dbM' ^Hiat tAttvn u aat» 
betireeti the bueniibte and ■eiwible heati of v^)orK at different tempera- 
tares? Wben ■ vapor coudeuscg, nhot becomes oliti lUent h^I 

v. 
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form. They may thus be regarded as containiDg a great 
etore of caloric, of the effecia of which many natural phe- 
nomena fiirnish us with striking examples. Thus, there- 
is a remarkable difiereuce between the climate of the 
eastern coast of America and the opposite European 
coasts in the same latitude, and this arises Irom the action 
of the Gulf Stream, a gr^at stream of tvarm water, which, 
issuing from the Grulf of Mexico, andpaswug the Atlantic 
States, stretches across toward the European Continent. 
The vapors which arise from it give forth their latent heat, 
to the air, and the southwest winds, which are. therefcve 
damp and warm, moderate the climates of those conn- , 

The crytmhorus, or frost bearer, an instrument invont- 
jiy. gj ed by Dr. Wnilaston, in winch water may be 
— -~ frozen by the cold produced by its own evapo- 
i ration, depends for its action on the laws re- 
) lating to latent heat. It is represented in Fig. 
S5, and consists of a bent tube, c, half a.n inch 
or more in diameter, with a bulb, a and b, at- 
each of its extremities ; the upper bulb, b, is 
filled one third with water, and the rest of 
the Space, with the tube, c, and the other bulb, 
a, is free from atmospheric air, and occupied by 
the tapor of water only. If, now, the boib a be 
immersed in a freezing mixture of nitric acid and snow, 
although the tube, c, may be of considerable length, the 
water in the distant bulb, i, presently freezes; hence the 
name of the instrument, frost bearer, because cold applied 
St one point produces a freezing effect at another, which 
is at a considerable distance. The action of the instnmient 
is simple : in the cold bulb, a, which is in contact with 
the freezing mixture, the vapor is condensed ; fresh quan- 
tities rise with rapidity from the water in the other biilb, 
to be in their turn condensed; a continual condensation, 
therefore, goes on in a, and a continual evaporation ih.i, 
but the vapor thus formed in h must have caloric of elas- 
ticity ; it Obtains it from the water from which it is risTne, 
the temperature of which therefore descends until solica- 
Jication takes place. 



the ceoie ottt. Deecnbe tfw cmpbonu. Wlwt 
applied to one bulb fresiei water b Hw otbeiT 
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Leslie's proceBS for'&eezing water io vacoo hj its own 
evaporatioD is an exunple of the oame kind. If some 
water in a watch-glass is placed in an exhausted receirer, 
with ft large sarfiice of BulpUuric acid, aa ftct m vapor 
rises it is condensed by the acid; a lapid k. m 

evaporation t^die water tbierefore takes 
place, the temperature &lb, and congela- 
tioii finally ensues. In Fig. 36 this ap- 
paratuB is represented : a is the watch- < 
glass containing water, b a wide dish 
ffiled with sitlpouric acid, and e a, low bell jar in which 
the exhaustion is made. 

' A dn^of pnissic acid held in tbeairon tbe tip of arod 
solidifies, the portion that evaporates obtaining its latent 
heat from the portion left behind, and on the same prin- 
ei^e liquid carbonic acid can also be solii^fiad. 

The amount of watery v^Kir contained in the air is 
very variable. - Manjr common focts prove diis : the swell- 
ing of wooden furniture takes place in cotueqnence of 
wmp weather ; and the opposite effect, or its sDiinking, 
occurs daring dry. Several uutnunente have been invent- 
ed to determine what lite amount is at any time ; they 
are *»lled hygrometers. In one of dieee, tbe relative dann>- 
ness or dryness of the atmosphere is determined by the 
stretching or contracting of a hair, which iB Very sensitive 
to such changes. A general idea of such an instrument 
may be obtained by coiisidering the metallic bar of the 
pyrometer. Fig. 16, to bo replaced by a hair, the move- 
ments of which would of course be commiinicaied to the 
index ; in another a slip of whalebone is used instead at 
die h^. There is a simple and ingenious instmment, 
the movements of niuch depend on these principles ; it is 
represented in Fig. 37 : a thin slip Ftt.ri. 

of pine wood, a a, cut across the j^^^^^^^^^* 
gram, a foot long and an inch wide, ^IHB^^^^P^ 
has inserted into its comers four 
needles, all pointing in one direction backward ; If this 
instrument be set upon a floor or flat table, in the course 
of time it will crawla considerable distance. During dry 



dnpnrpniuic »dd held in the ajriolidifrl How csn it be pnrred tbat 
AeMUOtntofmcntRirein the sir ii Tuii£ls ? WliaC is tlie ^^lotDetW } 
DMciib« the hair bj^meter. Peicritw tbe iaOrmtot, Fig. 31. 
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WBtAmr die tka board contru^. aoA tb* two fom tegs 
tddng bold at the table, tlie hiad ones are dnws Wk %■ 
lilde space; wbea the weather ttma damp, tkttbotr^ es> 
pendai end now the hind legs [veaaing aganat ike <a)>)ek 
cause the fore one* to advance. Srarj olMBge fion (by 
to damp, ar the remrae, prodocea a walldng mottO* IB » 
continuoua directian, and the (Uttaaoa pawM ov«r it ft 
feriBter of the sum ttrtal of thoee dnngeiL 

Bui of all these hjgrometric no^nidai iko preoew 
known as "the decemtnatioit of thadew poiftt" it by fir 
the most pUloaopbicaL This niethod OGnriMa io eocding 
die air undl it begins to deposit moietHEft Whmftenift 
much BudBtiBemthe*air,it6brnoiulyreqii»«BbmiiBU|^t 
dminntioa of taaaparature to oEnae' & portion of th* TqKir 
to depout as a dew | but wfaat the air iadiTW^ flw raeil* 
ing must be carried to a gFeatez extaoL The prodw 
dtermometrio point at wfaidt the moiatnre begiw to ^- 
posit is called the dew point 

Thus, if wo take a thin metalUo reesfll coqtalniltff W»t«r, 
sod cool it gradually by the «dditian of a vwUBti ef 
nitrate of potSBih and eal ammoaiac, or any <^the ceeliM 
ii^taroa, oontinually atirring with tha wB> pi a uvt^ 
tliemetneMr, as aoon aa the temperature baa readied s 
ng.u. cvztaki point 4 dew it 

d^msttfld on tbe outaida 
a[ the meta^fl veMftl 1 
that temperature is the 
dew poiut ft>r the tini« 
being. Knowing tbeteeo^ 
peraturti q£ the atr, dtQ 
dew point, vid tbe bfUKh 
metria preasofo, tbe sbso- 
luta amouatof rapweas 
be determined by « ntm. 
i ple.flalculatioa. 
I I>BniBirs bygromeier 
F affords a ready «nd beau- 
tiful veiitiad cf dehvmin- 
ing the dew poiqt< ^t 
consists of a cryopnorus, 
a c b, Fig. SB, the bulb 

wiMiiHaMtl»l)w''davpciatr" WliM la Afl mcMf fcr UPK' 
MmmBltt D«anMl>tBi<U'f b;si«mctw udtDe taHs erratqalt- 
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i being made of black glaM, sad a eoverad oner ifVk 
muslin. The bulb A eoutain* ether ituteMiI of mtar, aad 
into it there dips & rery delicate tbennoaieUr, ^ Uaually, 
s»olb«ir tbmmometer b affixed to the stand of the inetra- 
nenL WImd a little ether is poured on a, by its erapo- 
radoB it eoob that bulb, and ether diadls over &c>m b, 
which, of course, also becomes cold. After a tame, the 
nenperatora of b sinks to the dew point, and that bulb 
becomes oorflred with a iniat. The Uieimometer, i^ then 
«bafn at 'wbet tempArature this take* place, and of oourse 
gives dM dmr point 



LECTURE XIII. 

ErtTofuama and laizsaTnuh IIu>utior, — MeAedt 
*f Oofhiutae and Ihimtufor atetnaimimg tW Sptei^ 
Oravitg of Vtfon. — PAtnomata ef S9af«ratio»^^ , 
Cm^rd tf Tmpmittirej— Eject 9fJ)ryatti, StUiiutt, 
Praaire, a»d Stofaee. — Evaporatitm a Cotimg Pnt' 
.eett.~-Co»diKtimt t^ Solid*. — D^eratce tmomg i^tn^ 
^t^J' — Rm^trd't Exptrime n U, 

Tna specific gravity of vapors may be de- /««■»■ 
temuned in several ways. The following ifl 
&e method of G-ay-Luesaoj A graduated jar, 
a, is inverted in a ba^ of mercury, e, voisk 
jests upon a small furnace. A glass b))lt> is to 
be filled quite lull with tbe liquid under ex- 
.uninatioD, and the quandr^ introduced is accu- 
jately wdghed. The bulb is now slipped into 
the Jar, a, and jisra to ite top, A cylinder, h, 
open at ba& ends, but the lower pressed down I 
into tbe mercury, Js next placed round a, and 
the interval filled with dear oil. Tbe fiiroace 1 
is now Jilted ; tbe oil aad the mercuiy be- j 
come wann ; Ibe bulb at last bursts, and. as its 
vapor depresBM (he Bsercuiy in the grsduatcd jar, its rol- 
lune may be determined. Thus, kngwing the »«9gbj of 
-the Ijqiud, ihe volume of i» vapor, and the tewperattire 

T^i<ripi| flw J nswrt mnr^Tl nf '-r"rrirri\g ifrr rmUr tiritrff » 



;,Googlc 



54 SMECIMC ORAVITY 07 VAPOKS. 

of tbe oil, we can easily calculate the volume st 32°, and 
tram that deduce tbe apedfic gravity^ 
The method of Dumas consists in weighing a class globe 
Fit- ». ffllea with the 

vapor to be 
tried. A por- 
tion of the sub- 
stance b to be 
introduced in- 
I to the globe, 

rthe weight of 
Which 19 Jir»t 
determined, 
and this is then 
held, as shown 
in the figure, in 
a bath of fusi- 
ble metal pla- 
ced over a small iurnace. The heat of the melted metal 
vaporizes the substance, drives out the air, and occupies 
the whole cavity in a state of purity. When no more 
vapor escapes from the end of the tube it is sealed by the 
blow'pipe, and the temperature of the bath ascertained. 
The globe is now to be carefully weighed, when cold, a 
teamd time, and the point of the tube is then brolc^ un- 
der quicksilver, which riaea and fills it completely, and 
this being subsequently emptied into a graduated jar, the 
volume of liie globe is ascertained. Knowing the vol- 
ume of the globe, we know the weight of the air it con- 
tains, and this, subtracted from the first weight, is the 
weight of the glass v^en empty. Subtracting this again 
from die second weighing, gives us the weight of the va- 
por, and as the air and the vapor occupied the same vol- 
ume, their densities are as their weights. But, as their 
temperature was different, a farther calculation is required 
to bring them to the same standard. 

There are several conditions whidi exert a control 
over the rapidity of evaporation. The amount of vapor 
which can exist in a given space depends entirely on the 
temperature. Thus the air included in a glass jar which 
is stancUng over water conttuns, at 33°, a certain quantity 
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of vapOT ; but if the temperature rises to 60^, it contuiu 
more, and still more if it rises to 90°. Should the tem^ 
peratura descend, a paxt of the vapor !a deposited sa a 
mist. The quantity that remains in suspension is determ- 
ine b; the temperature alone. 

It is the application of. this principle which constitutes 
the most beautiful part of Watts's great invention, the 
low-pressure steam-engine. Taking advantage of the 
fiict that the quantity of vapor which can exist in a given 
space is determined by the lowness of temperature of any 
portion of it, he arranged a vessel, maintained uniformly 
at a low temperature, m connection with the cylinder d 
the engine, and thus reacbed the apparently paradoxical 
result of condensing the steam wimout coobng the cyl- 

Among other (5auses exerting a control over eyapora- 
tion in the air is the dry or damp state of that medium. 
Aa is well known, evaporation goes on with rapidity when 
the weather is dry, and is greatly retarded when the 
weather is damp. So, too, a movement or current exerts 
a gre^ effect. When the wind is blowing, water will 
evaporate much more quickly than when the (ur ia quite 
calm; th't obviously depends on a constant renewal of 
Buriaces, so that as fast as One portion of tur becomes 
moist it is removed, and a dryer portion takes its place. 
Extent of suiface operates in the same way ; the same 
quantity of water will evaporate much more rwidly if 
exposed in a plate than if exposed in a cup. Fiessure 
also exerts a great control ; for, aa we have seen, eYop- 
oradon takes place instantaneously in a vacuum. 

While, dierefore, there are several circumstances which 
can control the rate of evaporation, it is temperature alone 
which regulates the absiriute and final amount. As we 
have Just seen, a fixed quantity of vapor can exist tn a 
certain spac^ at a given temperature ; and it matters not 
^rhethef that space is full of atmospheric air or is a vacu- 
um, the absolute quantity will be precisely the same. 

At one time it was supposed that evaporation was due 
to a solvent power in the air — a kind of attraction be- 
tween that medium and th e water with which it is in eon- 

On what principle doM the «teaiii-«ngine ooodoiuerdopendl Wb« 
sKsot liaTB drrness or iuopaei* orar evsporttHra 1 WTui» « Bib effect 
of K current 1 What of extant a( anifsce 1 WhU of preunra 1 WtiM 
of nt:q>eratDre T 
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' ^>1b, for the -^w^eaSkoeR {ftnnrA witb l)w greatsBt npH- 
^ in a vacuum, wSoi the air ia totatljr removed. 

-Althou^ the ev^oraiion of liquids, euch aa water, YriU 
t^e place at very low temperatureB, tbeve is rcitBOB to be- 
lieve that the process hae a limit; thus, a tt^mfte qaastitT 
^ vTOor will ri»e from qirioksitver at a^ tetn^enttttPe of 
eoo. Sift dt 46° Sol a *raoe ott be diMOvereJ, 

All ^oesses of evapetenioit are cooling |ffoees8es, 1m- 
«tiuse th« Vapor de^e)t»p6d re^ttires latent bett to give it 
<Ae elastic 'form. For tbia reason, wbenBny vaporizAle 
Hq^A.M etber,is poured on the b^lb of an -eh; theABom- 
•etet, et«i Ae band, «<Ad,w ^pr^ucefl^ 

T3te riritee glatfS ifi an instm- 

iBent miich may serve -as an 

^ •'Siaatrdtibt'% it condiats of a 

- gMsh Ribe.'bent nrice at tight 

angles, aod teriniDated b^ 

twite, n -}b 3%. 41. It ib pattially filled viifS spirit of 

; ■ <(rttie, tbe TMt %eing occupied by the vt^ior '^'tliat sab- 

■ ^,: Mttnce. Oa gTaaping one of the bulbs in thV'h&nd, the 

''''<; <mcnuih IS StS&oient to boil the 'liquid ; anA ai ~lt distills 

tiver Irito (he odier buflb, an hapresaibn of cdld'b'felt. 

We now come 'to -thb coneideratj^ of the ipode ^y 

Whidh %dBt is transmitted through bodws, or. Interstitial 

Motion, <MI1ed l^ -many writers conduction ; 'd f6rin in- 

,^ ..' DrdlviBgthb-ideB'diBtthepBrtiolesttf bodies are'in^tnal 

f^' ' WMttet, wtaflMas it has been abiuidantly proved thai they 

-.'... i.^ni^B^iBnteA^tnii each other Vy intersttces. Thb paas- 

I age of tbA liflSt MroBB these spaces is Whet is mewit by in- 

. ' ..^ VeMtiliBl'rBaiidaeD. -From the iArrency which it has ob- 

'' 1^ed,BDdtiie-oonveDience of*the expTes0ioD,T-elMll con- 

* ' 4it)oe to iiBe the word conductioi). 

DiffereiA solids conduct beat with diSerent degrees of 

&cility. If'we'take acylindricsn rasss of -metal, android 

tigbtty againdt its snriace a piece df white writing paper, 

the paper -may be placed in ibe flame of a spirit lamp for 

• -a considerable time without scorching ; but if we tdie a 

.^^cylindrical piece of wood of the same dimensionB, and. 



.-_r ja-M t iefrom-atfaBiit power in the «i- . 

I BTipofstion T Why tit ■proeeiim of ovsporMion cooliig am- 
Dneribe diepnlae glM>, liThst 1« intoTftidat ladUtion 7 Wh;it 

netHRil 'How tomv it bo p ^ ''"'■ ■" ""^^ —---■- - — -■ — . 

wia diSte«i« dcgreoi ot bciii^ I 
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WBagprng'^Kf-fvptg-nvtiiktmipoi^it to £im flwis, it 
t^iwy •corAfu. Xba netnL ih^nftw^ fceetM the paper 
Aa«I by cBRTing ofi* its b«M; .Imt lbs w9od, omng « iad 
•(ia^u%a)::, nSea idw psper to bti^ 

wne ^c$ nqr be pioveid i» » mea« ^w- ^^ ^ 

m ivobw -v mere kuj^ dww w)4ftrW>d 
tl»e«.dMp$ 4»« 4* .fro* Ojf it 'pM^40t i 

« 'dte ■nam ItntgA ^opd -dtarftct^ ; thf^ I I M J 1 I 

i« w<e()e«BK«; the «Hr^ce gf eub cylia4ei' u B>D««ce4 
w^ hnee'wVK- Qn pouring boiliag water iitfo the uwtgli, 
dte hefit jta^Bos -along these c^^linden ^th ft r^idity cor- 
ifiafKMwding tp ^mr conducdng power, wiil the wtff cor- 
tiBBpfm^f^j- jaoii^. On the .siJver fav fi^ wax inela 
BQOin rg|icUy,-9i)d tHi the wood most ilcwif j on tbe otliera 
WiteqKiedKttely ; thus .«ffordiiig a clear {nuof l^t iibSareiit 
yolide conduct ^eat -with di&«'etit degree* .q£ facifii^. 

Even among metallic substsscae, ^eat iifiBTgutifm in 
Au re^ieet ^iatj ae niay b« etrikingly nj.« 

■howQ by j;h« ios^i^iuaeiitj ^<V> 43. Jnt^ 
% Htlid ^I of copper, a, ihie* wires ^ 
•qual iMigtli iwd «qu^ diameter are 
Bcrewed— they may.be copper, brau, and 
iron, reepecliv^y : they are flattened «t 
ibeir.iaTtaer Qxtiemiti.es, b_,^, d,609Btoa£- 
fcxd a {dace <m which pieces of pho«pha- 
f^a may be put. A lighted spirit lamp u 
BOW «et .beveath the central ball, the tempa^tuM of which 
poon lisee, apd the heat passes with different degtaei ff 
ppeed along 4>e metals; very soon the piece of {>h4tf)h^?W 
■at the «id of the copper takes Ike; than, aome ti^oe after^ 
jToUowa that oa.the braas ; and last, that on the iron ; ear 
abling UH to prove to persons at a distance the fa|Ot -thtf 
these ^ereflf mQtals oondnct.iieat with diSei?ent..([egEee( 
«f facility. 

If apiece of wire gauze be held orer the flame of a candle 
or gas jet. Fig. 44, ue flame laile to pass through ; but the 

Dvwalbe ttM »pp«r«tii|i of iDSaAogavl WhM.doM « pnwo^ ^M 
»lwr«djtoBpc»Jp*e.oi)rtw*%,»«f^.'*W'i'«T TBpiw.mi^ Jli^t b« 
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58 CONDDCTtNO POWEE Ot HBTALS. 

Wif.U. ?aBeouBinattsrofwhiclillieflamec<niaials 

freely eacapea through the meshos of the 
gauze, for it may be set on lire, as shown in 
ue figure. Flame ia gaseous matter, or 
solid matter in a state of excessive buV 
divisioD, temporarilT suspended ip gas, 
> brought to a very high temperature. It 
k can not, dierefore, pass through a piece of 
' wire gauze, because the nietidlic threads^ 
exerting a high eomducting power, ab- 
stract its heat &om the incandescent gas, 
and bring its temperature down to a pmnt at which it ceas- 
es to be luminous. The safety-lamp of Davy ia an appli 
cation of this principle ; by it combustion is prevent- 
Fig.w. ^ iVom BpreadiHg through masses ot expio-' , 
— sive gas, by calling into action the conduct- 
ing power of a metallic Eauze, with which the 
lamp flame is surronndea, as in F^. 45. The 
safety-tube of Hemmings, used to prevent ex- 
plosions in the oxyhydrogen blow-pipe, acta on 
he same principle. 

Count Rumford made several experimetts to 
determine the conducting power of those vari- 
ous materials which are used for the purpose of 
clothing. He placed the bulb of a thermometer 
, in the center of a spherical glass globe of lar- 
( yl gsr diameter, and filled the interspace with die 

substances to be tried. Having immersed the 
J apparatus in boiling water until it was at 212^, 
he transferred it to melting snow, and ascertain- 
. ed how long it took to fall a given number of degrees. 
Linen and cotton were found to be better conductors 
than wool and the various fiirs, and hence the reason that 
they are preferred as articles of Hummer clothing ; but 
he also iound that much depended on the tightness 
with which the substances were packed, for the conduct- 
ing power apparently rose when they were closely com- 
pressed. These bodies act, therefore, as will hereafter 



le of ■ candle pui tbiongb a piece oTw 



g power of ctotiiingl WhM wm l£a affscL -. , 

Bow *retfae»rMahiGoaimcW4 with the uoa-^Dodocting power of air t 
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coMDDcTiorr or liquids. 



be mnre dietiiictly seen, not bo much by their own badly- 
conducting power, aa by calting into action the non-con- 
ducdng quality of atmoapberic air. 



LECTURE XIV. 

CoHDttTiow. — Co*du<aU>n of Liquids. — Tnauferenee of 
Heat by CHrcvlatim. — drnductuM o/* Qtuet. — Coitdtict' 
ing Power of Cloiking, 

Tke~ conducting power of most liquids, such Kg. «. 
as water, is very low; a d& itratum la sufficient j-' 
almost entirelT to cut ofT the poasaga of heat, t 
This mar be ^own by an apparatus such as Fig. \ 
46, consisting of a jar, a, nearly filled with water, ' 
with an air Sermometer included in such a man- 
ner that the bulb, b, is within a short distance of " 
the surface, a depth of a quarter of an inch or 
less interrening. The tube of the thermometer , 
may be passed through the lower mouth of the 
jar, c, water-tight by means Of a cork,, and the poattion 
at which the index-liquid stands having been marked, 
some ether is poured on the surface of the water, upon 
which it readily floats, and then set on fire. A Tory vola- 
niinous flame is the result, and a great deal of neat is 
evolved ; and, since the bulb of the uiermometer is appa- 
rently separated &om the burning ether by a this film of 
water only, if the heat traveTBed that film the thermome- 
ter should rapidly move ; but the experiment proves it 
does not ; and we therefore conclude that water is a 
yery bad conductor of caloric 

While this conclusion is true, a little consideration will 
show that this experiiiient j»«sent8 the facts in a very de- 
ceptrre way; and though, from its imposing character, it 
is generally relied on as a complete proof, yet wore wa- 
ter a much better conductor than what it actually is, the 
same results would be obtained. All flames, as we shall 
hereafter see, are hollow ; they are merely incandescent 
on the surface. A great distance, in reality, intervenes be- 

How don the av^ocdiu power of liquid* Coapm wIA dut gf tolidiT 
HowDuy waterbepTOTsd tobeBtAdoondDOtOTt WhW deoaptlva cfr- 
tbrre in thi* eKpeniMot ! 
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iHrBtoAe-thermametorbutband the points of high tem- 
' seniture, aod in addition, the ether is rapidly erapoisdag 
8WB7 to feed the flame, and all evqramtiotis are cooling 
proceaaes. 

To a certain extent, all liquids condactheat i thus, mer- 
cnry is a very good conductor ; but in Ame liquids of 
Trhich water is Uie typo the diseemiiKtion 6f heat is chief- 
. ly determined by the mobility of their particles, a process 
<qi4Bii^ passes ^nder the -name of convocti Ai or circulatitai. 
• Fig. 4T. TheappartttuB,?^. 47, illustrateB~tho na- 

ture of this process; it consists <J a wide 
tube into which water may be poui-ed ; the 
> lower portion, as high as a, being -colored 
blue by the addition of some eoloiing sub- 
.stance, the intermediate portion, firom a to &, 
bmng colortess, and the upper portion, from 
b to c, being tinged yellow. Now, hj -the 
application of a red-hot iron ring, d, of snch 
;a diameter that it can surround the jar, .a 
space of an inch or 'more .intervening all 
round, the upper, yellow portion may be 
made even to boil,; it shows no disposition 
to^ntormix with the portions Ixtneath. But if a»e red- 
Jhot ringis lowered down so as. to surround the blue por- 
' tion, as it becomes wacm it-will be found to ascend, fiist 
ihrongh Ae colorless stratum, and linaHy through tliat 
tin^d yellow, on the top. When the lower poition of a 
^qoid IS wanned, currents aie eetabliahed, which, rising 
flvough 'the strata above, bring about a rapid dlsaeminB- 
iioD .^ the heat. 

This-may also be shown by taking a jar, i^. 
18, a, and filling it with water, rendered .a 
little more dense by some -sulphate of soda, so 
;otriiig its specific gravity near that of some 
1 pieeea of amber thrown into it. If a lampno^v 
I Ire applied to the bottom ef -the jar, currents 
are .established >n the water, rising up the cen- 
ter and descending dotm^e sides of the U- 
qtud; and in this manner, new portitHis con- 
stantly presenting themselves on the surface 

■-CMidnct bemt at all 1 
eti By-iAunxicendi 

.^. J 1 Baaotibe iba aapen 

that w^retmudbf FIf. ia 
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. expand 'to .dw ^fiamo, A« whole maoe bvconui uoUacmlf 
Jrat. 

"She cause of tliis moremDiit is due to the f«ct that 
when water is heated it expands. Those portioBS, there- 
fore, which rett on the bottom <^ the Tflssel, and to which 
dte.-heait is -applied,. BS soon as they become wami, dilate, 
aadibrane ligpotor than befbra, rise Co the top of the liquid, 
<[wbile £c&er, and iheiofore heaTier oneo, .occi(pj their 
iplace. 

H'we.-takea jar«f water, 7%. 4£l, Hid hsT- Tb.w 
'Si^:iiitniduced thnnigh epertuxea oear the top 
■•adtbebatttmi'lbe dien»ometers a £,aud into : 
ta brass traogfa, c, which sairpunda the middle j 
;of :lhe jar water-tight, poor boiling water* after ^ 
a little .time has elapeed .we shall find tlial the 
upper tbermoroeter has risen, but the lower : 
one lemaine perfectly Btatioiuuy. The cause ^ 
is, that through all those portions which are ahave theplace 
[Bt-wtich die heat is applied,'that is, the middle of the ves- 
i»6l, currents aje made to circulate but in all those .be- 
neadi BO currents are established. 

^W^eUi'.tberefbro, heat is applied to die surface of %nr 
,ter,it is not propagated downward; when it is applied A 
^Ihe middle of a veaael containing dist liquid, dU the por* 
•tionB above be<MHiie hot, but all those below remain cold ; 
«od when it is mplied to the bottom of the vease},. the 
•n4iole mass soon becomes uniformly warm. 

Id the vegetable world, advantage ie.taken of the non- 
'CMiducting power of water in averybeautifulway. So<ni 
after sunset, the leavea and other delicate parts of f>Iaa|a 
become covered with little drops of dew, which mveU 
^thom on all sides. Under these circumstances the pro- 
eeas of convectioi|, or the establishment of currents, is en- 
tirely cut off, for each of the drqpe is isolated, or. has no 
cominiimcation with those around. The cold air does not 
so suddenly afiect these delicate organs as it would do 
were nottjis diimion-conducting film spread over them; 
Jbeir!aetiouia,.tb«efoEe,.lea0 liable to be deraji^d- 

-Secent^eenrtte experunmits show that all liquids con- 

WliBE ia the trne ckdm of tbeae circaIitoi7 morenieiiU T Hm* cm it ba 
proved that the mrm water Ants em the mrfiiDe of thaEwbichis coldl 
Wliat ia the effect of applying heat to the top, Co the middle, uid to tb* 
bottran of s veaael Mmtauung water I 'Wliat adnutagg !■ taken in dw 
Tsgetabla waridcfdMnuu-coadactiiispoirergf wMerl 
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duct to a certain extent, though in many instancea to a fkr 
leas extent than what we see in the case of solid bodies. 
Among difTeient liquids, difference in conducting power 
has also been discovered. 

If the conducting power of liquids is small, that of gas- 
eous bodies is still less perceptible. In these, as in li- 
quids, the mobility of the pardclee is bo great that heat is 
Fig. M. readUif diffilsed through them. Thus, if we 
take a jar. Fig. 50, containing oxygen gas, 
and place a piece of burning sulphur in it on 
B stand, a, the vapor which rises from the sul- 
phur moves in a current to the top of the jar, 
and then descends in beautiful wreaths of 
smoke down the sides, precisely representing 
. the circulatory movements of liquids. 

The ventilation of bnildiogs and mines, and 
the proper construction of furnaces and chimneys, depend 
upon these principles. 

By taking advantage of the non-conducting power of 
Mr, rooms may be kept warm with a small eonsumption 
of fuel, by furnishing them with double vHndows. A 
stratum of air, two or three inches thick, intervening 
between the windows effectually cuts off the passage of 
"heat. It is upon the same prindple we explain Count 
Rumford's experiments in relation to the conducting 
poWer of clothing; he found that when the same fibres 
are used, the apparent facility with which they transmit 
heat depends on the closeness with which they are pack- 
ed : the non-conducting power of air is here evidently 
called into play, and the fibres act by preventing the 
production of currents. In the case of sheep, or other 
animals, which, during the vrinter season, are covered 
with a thick coat of wool, or fur, it is the non-conducting 
power of the included air which is Again brought into 
operation. 

Da all liqnidi OHidact heat 1 At« there diSbrencei !n their condiutiiig 
power T By wbat proceH u heat diflPbaed thtaogh gaie^ T Whit ia the 
me of donhle vindovt 1 'What connecticni hu the uaQ-^nadacting pmrer 
tt air nidi Count Rnmfiml'a experimeoti I In the etxatuaj of amioaU, 
wbm advantage ii taken of tbeae prindplei t 
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LECTURE XV. 



Radution. — Pr^iminarjf Ideat on Radiant Heat. — AmoJ- 
ogia with Light. — Efect of Stafaeet. — Rdatiotu i«- 
twtm RadiatioH and Reflection. — 7%* Florentine Ex- 
periment. — Tie Cold-ray Experiment. — Qpadty ^ 
Gkut to Heat. — It» inereaeing Trantparency at the 
Temptratnre ritei. — Profertiet of Rock Salt. 

Birr, though gaaea are bad conductors of heat, they 
freely aOow of its tranamiBsion by general radiation. A 
peman who standa at one aide of a fire receives the heat 
of itf.although no cuirents of nsiza air can reach him. In 
a Tacuum, a piece of red-hot metal rapidly coola. 

The beat which, under these circumstances, eacapes 
from bodies ta entirely iuTiaible to the eye; it moves in 
straight lines, ezhibitmg many of the phenomena of die 
rays cd* light. Tfana, if we interpose between a fire and a 
thermometer an opaque screen, the moment the rays of 
Hght are stopped ate heat is simultaneously intercepted. 

The rays of heat, like the rays of light, sre capable of 
being reflected by polished metallic aur&ces. It a piece 
of planished tin be held before a fire in such a position as 
to re0ect the light of it upon the face, the heat, also, in 
similarly reflected, and gives rise to a sensation of warmth. 

The ai^o^ between light and heat is farther observed 
when rays <m the latter fall upon bodies of a different 
physical constitution from the metals. As glEtss is trans- 
parent to light, there are many bodies transparent to rays 
of beat, though, as we are presently to find, tbMO bodies 
are not the same in both mstaacea. And as there are 
substances, like lamp-black, which will absorb all the Ugld 
which impinges on tbem, there are many which perfectly 
absorb heat: reflection, transmission, and absoiption are 
therefore common to both these u^ents. 

If we take two metallic vesseb of the same size and 
shape, and having blackened one of them all over witli 



nlsUiice) Cnn^pBTenttimdiHUbaBtl Are tbeiie Ifae n 
an tniwpiKDt to liglit T 
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die smoke of a candle, fill them both mth hot water, and 
notice their rate of cooling, it will be seen that the black- 
ened one cools faster ; the same thing may be obserred, if, 
instead of blackening the veaeelj it is covered with layers of 
Tarnish. These resulu iitsy be prored by the aid of I>e»- 
Ke's cani^e^ which <£Qiieiflls «f a cuhictJ brass Tesael, t^, 
Fig. 51, sat apon a v«ti- 
*aj stem, KpQB which it 
can rotate; at a little dis- 
t&ato is pteced the black- 
.ened bulbof a difiereptial 
thermometer, (2/ amirror, 
jkT, zeceiveB tbs jaja of 
idle -caniitOT mid nmacti 
- ^hemAHi -the thermoBietai^ 
One-cf 4he-v«riic^ -wdes -of iba cnbe ia left wi^i a dear 
metalHe -eui&ce, ■& ^second ^washed -over with ova. .coat <£ 
^rwDisfa, 4he -tloid 'with -two, and the fouvth with three 
eoatS'; if these sides %>e presented in anooewicn to the 
ttiermometer, -tbejr will 'be found to radiate Jieat (vith 
YeFy^%TeMde?Fee8 of speed, more heat esc^iiiig faxs 
tiiem -aa "the nuidber of coats is tncreased. In die mcpeiv 
iraentB of Melloni, -it was found thM the 'ptaximmn wai 
-not attuned -until sixteen coats were Applied. 

'These reaulta -can -oa^ be -explained on the prineqile 
4hat radia^n does not take place thnri the siir&ce of 
^bodies merely, but-fiom a-certain depth in their interior. 
A hiphly-polished metal is a bad radislor, but ouiixMgW 
-entng Uie surface, its quality is improved. As a general 
«ule, good radiators are b^ refleetors, and good r^eetom 
-are bad ladiators. 

"When rays of lig^ diverging from the focus <cf .a .oon- 
'Oave pambolic mirror^ impinge on the Bur£u», they am z*- 
flectM in parallel lines ; when parallel rays fell on sacii 
-a surface, they are reflected to its -focus. Thoa, if fron 
tiie -point a. Fig. 62, the locus aS a pu»bolic ecmcaxe, c 
f, rays diverge, they will be reflectea in parallel lines, c g. 



_ . . ■ efibctf Whan 

,lioii of Ihaie remlti 1 WhU i> lite geoertl coiaection betirei 
and reBection 1 When rty" dlve^e fimii the fbcoi of • roncaTe mDm 
wlut iadieir nth ifter reflMtion I Wh«n ESTRUAI ni7 fttlLoii ■ copcsi 
■rinoc^ wbai (■ their p»di tftier ToOectioo t ' 
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^A,<e4,/k, aad i£-tit AHiHi ponia -^tlj h9 iatercejfll)d^f 
the sHinxic g- i, tfae^ will be fefleUedto its feen, j. 

N«w« «s -thti laws of refiectMm of itcKtat heat uv the 
•Msae as ^^w laws cf the refiectioii -oi Ugfat, it is |)latli An 
S 'we ^thoe any IticaadesceBt body, eacix «• « red-hot 
«a«Be»-lM^ ta wie fiieaa, «, -die 4ieat wbi<^ radihtM fram 
k iriU -feiftLif 'be <Mad at 'the tithsr fiMna, >& 



This ia beaatifully illostrated by aa expsrinieatlEiKnni 
•undei the name -of tlie experiment witii conjo^ate tair- 
xon. In -the foonB, a, i'^. 52, of a fnstabolic iiurras,«^ 
^aoe a red-hot cajmoeD-'li&U, and ia litiB £acaM, &, ef a 
•econd inirror, ^ it. Bet oppcwite, bat twenty or Tthirty 
feet dS^^fdane « piece 'oTphoephoros, a Bcrem mtBrvemBg , 
'between. iAs iscwn at me Etrmngementa «re ocsoplele^ 
remove the soreen.Kndin aniDmentthepboBphonieZakes 
Sra. That this effect ifi duelo the reflecbng'acuon of the 
mirrora, «b has been described, inay be prmred by re- 
moving the nlirror, c_^-when it will be joaod that tha 
phosphorus can not be lighted, «ren though the baU lb* 
iiTougfat within a^vry ehort distance of iL 

This striking experitneDt prwes, fint, that the ntjra df 
Jieat mcfve in straight lines, like those of light; snd,'Se^ 
fmd.thatrhi fhe-same aumBer thcp<ane silent to theordi- 
aaiylawB ofir^ecdon. 

A-TBriation of tfae fu re go i n g e^-perimeuttoay ire ina^ 

WlMn«:lMiban'k]tlui«dintfai«fa<nBDf'(«B'<ir!die«iin>a,to-wiM 
'pdBt dneB'lM kwM wiom^'^ SMBribe -tbtt FkMBIiiie ui^wlimjjitu»y 
teaeotedtaifW.Stl. What two fscU doe* 
FS 
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by Uung a snowball i&Btead of tlie cannon-Bhot, in whicb 
case a thennometer placed in the focus of die opposite 
mirror ^11 exhibit a redaction of temperature. From 
tbis it was at one time supposed that there existed rays 
of cold precisely analagous to rays of heat, and that they 
obserrea the same law as respects the rectilinear natut« 
of their movement, and were also subject to the law of re- 
flection ; but, aa we shall see when we come to speak of 
the Theory of the Exchanges of Heat, a simple explana- 
tion of the whole result can be given, without implying 
the existence of a ptinciple of cold analogous to the prin- 
ciple of heat. 

Let it be now sapposed that in the focus of tiie mirror, 
^ A, f^. fiS, the bulb of a delicate thermometer is placed, 
and in the focus of the other mirror, c^^, a metalline tnass, 
a, the temperatore of which we can vary at pleasure. 
Between the mirrors let there be interposed a screen of 
transparent plate glass ; and let us farther suppoee that 
the temperature of a is 212°, or considerably oielow the 
point at whicb it ia visibly red hoL Under these circum- 
stances the thermconeter exhibits no rise of temperature 
BO long as the glass intervenes, but the moment it is re- 
moved the heat passes. 

A piece of transparent glass is, therefore, opaque to 
the nys of heat which come from a nan-luminous source. 

Let ufl- now suppose that the temperature of the netal- 
line mast, a, contmually rises. "^Hien it has reached a 
red heat, a certain proportion of the rays emitted by it 
t>eginB to pass throu^ the glass, as is shown by their 
efiect apon Ae thermometer. When the mass is vidbly 
red hot m the daylight the rays go through the glass more 
readily, and when it has become white hot, or has reached 
the highest temperatnre we can give it, the glass trans- 
mits the rays with facility. 

These facts are of the utmost importance. They show 
that bodies transparent to light are not necessarily trans- 
parent to heat, and, therefore, that light and heat are 
separate and independent agents. They farther show, 
that, as respects glass, its. transparency for heat diffns 

Wben k DinTbaD ii lued inite&d of ■ hot ihot. what li die rsmh } 
What ia die relidon of g]«« to radUnt beat d knr istsiui^t Wliat 
diaagei take pboe in Q» tmumiiriTe power at As dan aa tlio tem- 
yaiiu c liieaT How are Qieie ftcM omnected witli we phyaical iude- 
pmtenM of U^ aad beat ? 
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vitfa tbe temperature of the soorce from which tbe nys 
come. 

There is a cortaio well-known subataace, rock sak, with 
which, if we could obtam plates large enough to inter- 
vene completely between the two mirrois, a different 
Beries of tesulta would be exhibited. Whatever might 
be the temperature of the source, whether low ob high, 
the rays would pam it with equal freedom. The wanMh 
of the hand and the rays fi^m melting iron would go 
through it alike. This aubetance, therefore, is permeable 
to all kinds of heat, as glass is permeable to all kinds of 
light. It constitutes the true glass for heat. 

The great coaclusion which we draw fcom the experi- 
ments just described is, that there are different variettet ^ 
radiaat heat. Some of them can pass ubrough glass, and 
some can noL Hereafter we shall see that the intrioBie 
difierenees in radiant heat are due to the same cause 
which gives different colors to light. 



LECTURE XVI. 

Thkost of the EzcHAxeEs of Hbat. — P&j/neal Ltde 
pauLence of Light and Heal. — Theory of Exchanget. — 
Eai^damatuM of the Odd Ray EmptrimeiU. — Wdlt't 
"Reory ^ the Dew. — Cold on Mountain Topi. — Co»- 
iuctwn a Form of Radiation. — Temipa-atttre ^the Svt. 

The earlier writers on chemistry supposed that if light 
and beat are not the same principle', they are mutudly 
convertible ; that when the rays of light foil on any ob- 
ject and warm it, they do so because they become ex 
ttnguished and changed into heat. 

But there are many facts which n^litate against this 
doctrine. A vessel containing hot water radiates heat, 
and that heat is totally invisibfe in a dark room, nor can 
. it be made to assume the luminous condition, even thou^ 
concentrated by large concave mirrors. 

Wttat ire tlia pnip«itiM of raok raltt Whfiait dis gtsu of haul 
Wb>t seoeral cmuliuiisi ia dnwn ftom tbe tuMpAag beta t Wbit m* 
tha »nelie« of radiant he>t dna to ? W1>at TeUtion wu Ibrmariy lap. 
poaed to exiat between ligfat *ud beat T Cut raya of bsat exiat Wtlbool 
belog TiribJe T ■ 
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W nuMiT or sxvauHis or ibail 

SxpcnmodH ixve been made to dstanana wbeUiBr in 
tLe moonbeams there are anr calorific rays. The iMit 
dclicAe ihfliiuuuieten, aided by conacre niiron, have 
hiliierto &iled IB deteotiDg the mBBlett ln(c«w btlnsi*- 
)rtaBce,tharefbre, we ha^e li^t sxiati^ iritlMat l«at{ ia 
1^ fimnor, heat eziatiiig willuHit Eghc 

In addiiun, «• we bs-re akaady ^hewn, llw xduioD of 
Cramivrenoy £ar ^era two agente is aot the sans. A 
mecQ «f smoky qnartz, or dork-ODloced laidl, o£ suA a 
dagraa of ertaci^ ^ Jcaredy to adsut a TSf of i^it ta 
p«8*, is freefy tnrraned b; radiint heat. 

The theory of the eK^ai^M nf hsU, tampnihuuiBug 
«B«a^BBatioa of « p«tt B«ri)«r of th» afcuntJinsiiii .wa 
OKknuoilf vritaeas, >depsB(b vpi* tba fiilinraig foinci^ea I 
Itaaavnea, lat,tliat«Hbodifla,a»nuUtBr'«riiatth«rfiaB* 
pBomBsaayiia, m» oatanttyjaak ^ i g hettatafltnani 
id. Tfatf the nte of nditfiat depesda on A« tto^pan- 
ture, increasing as di« tevparBtara Hm, *nA MmnnMiiu^ 
as it declines. 

Thus the various objects juoiind ua are constantly emit- 
ting caloric : the warm bodies to the cold, and the cold 
ones to the warm. A^«ss-<^'aaowaad a red-hot cannon* 
ball respectiTely give ofi* beat, the ball emitting it in great 
qmaattife*, «n.i tb* snow in leas. .And even wben Bdj»- 
«Mit iudiai hiae reached the bsbs thenDonetnc peint, 
dur «ti]I «onlaitae to <excbaDga heat with one awiAitr 

Vffoo these pnnoip3e^ we can rea^y account ibr the 
__ &6t tbM bodiea <^ diSeraot ten^wFBtnrea «t first, fiaiily 
' come to an equilibrium. K an ignited caimon-Bhot be 
lilaoed in libe middfe t£ a large room^ it radrates >ta heat 
W 'the roof, the vrailA, &e floo^ and the Tarious objeett 
ERvundt Atey rise ndtala backiWEdn Tipos it ; lnit,£tnai its 
eto vK tedtemperatufe,-item?taitBlieatfe»ter1lhaJHfaey,'aaJ 
therefore gives out more than it Teeetres. fta t emp y a - 
tnre 'Constan^ descends, and tuAili i m ea to do so uittH it 
leofrives just as mnch as it grret, ivHi^ takes place vAen 
it bas Teat^ed the same degree "as -Aie objects armuaAt 
for, o&er ^ngs bmng equal, bo£eB at the same temper- 
ature radiate with oqoalepeei. 
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na psDoeai wtaatr how«ver, itoit u soon as Asl «^<Mk 
Hy trf iMOMBiatnra a> Mt ancd ; fi>r, if we nimoM As Aot 
(a aiK^ belivtr Ant pmnt, it wodd eridaatly bogiQia>i»> 

ouTa mm heal ftoB Ae vljflcts araoiid tban it g««« fonk, 
aad AaaxoBBB twMiiwlittitig in it, its b 



When an ai^^^b^mm ia afaboiaed tba prOGan of rniiia 
lioa atffi Bowtiirona, bat the excbutges at» eqnaL Two 
bgbted caadlea placed togetfaai da not «xtkigaisb aadk 
«char, BE c«aae to. tttiAango light widi aadiot^, nor do 



two bodias-e^mAj wma ceaae, fcgtkat laaann, lo VKohaim 
boat Ia « laUB, tbarefof, is wbkih every tUng has u» 
nntttsmpsrattiret r^ra sreeteraaUy emehai^iBa, baa e%A 
object muBtaina its e^ tOTHpaTatare,lMca«BeitMeeiT«k 
•a mwsk aa it i^ree. 

If K red^et ball and & thramometeT bulb m» ytmaeA 
aaar aaa ^Lotbo-, die bulb receiver nuoe iisat from tb* 
boll Aaa it g;mK te it, and its teMperaiore iberefiire liiea ; 
but, if a tbenarwetnr butt) and, a raowball ai« placed a 
pveaanoe of oae aaatbar, ibe bulb, being tfaa boOer body^ 
HiTfls nore Aaa it reeeina, and tta leiBpetatara Aereforo 
wnoends, Tblais Aeeicnlanidionof AeexperinMalwab 
tba ocigtmalti marrora. That experiment, aa was obaeTT-> 
«d, «fia«da ma |)«>af Aat Aera aia nja of eold : the u^ 
feet ia Am te Aa fact tbat a mutoal excbange ia gi^na 
forwioi hetwesQ the two bodiea, and Ae temperature pv 
tbe hotter descends. The tnirrora, of ctuma, take na 
pan is~ Aia pkeaomenoii ; Aeir office is merely to disect 
Ae paiA (^ th^ rays, sa Ijas been exphloed. 

Cta the ptiRcipW of Ae racUatttm of beat k ftamded 
WeUe'a theory cdTtheidevr. After the bub goea down of an 
evening, drops of water condense on the leavea, graaa, 
lt(m«a, apA qAst oiycnlB exposed to Ae air. It waa once 
tk questioq whether Aie dew descraided ia Ao ibrm of ft 
^ght «ht>wer, or Beeeitded from the ground. There are 
fjm oevtais tirctiewtaage^ ^pweatly very myaterioua atr 
.tending its formH^Qni the dew rarely fclk on a cloudy 
1^^ ; it tdsa ^ipareody poaaeaeea a eelectiag power, d»- 

' Wien doei the dBSeonl of temperatare cewef "Wheu aii eqaflibdnni 
b obUined, whiC ia the rUe of tbe eiobansei 1 D«cnb« As adiaB fai 
UMOuaof BreA-b(itb*QuidBdrarqipiiwtaTm)H>- DMcnbe tbe ■ctioo of 
■ nawb^D tM ■ AenaoiBster bntb. Saw li thi* conoectad with the ex- 
periment with TOnjagMe «>»roni* V"l?"' *h« fiwnntwKea doe« dew 
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poaiting itaelf on some bodies in pi^erence to odiers. 
Tbe theoiy of Dr. Welle fumiahes a beautiful explsnadtfa 
of these curiouB fiwitsi During the day, the ranous bod- 
ies on the surface of the earth, receiving the rays of the 
sun, become warm ; but at niehtfall, when tbe ^y is un- 
clouded, they begin to cool ; for, the process of ladiUioD 
continufaig withont any source of supply, their tempera- 
ture must dracend. While the sun shcme, they receiy«d 
as much heat from him as they gave forth to die sky, but 
when he sets, tbe supply is cail off, and- they theref<u« 
cool ; and as there is always (aoisture in the air, their 
temperature descending, by-and-by the dew point is reach- 
ed ; they become cold enough to condense water from the 
flurroimding air, and this is the dew. And as different 
bodies, according to the roughness or physical conditioo 
of their surfaces, radiate with different degrees of ^eed, 
as Leslie's canister proves, some of the objects e^fOBed ' 
to the sky cool rapidly, and are covered with dew; but 
vrith othera the dew point is never reached : hence the * 
apparent selecting power. When diere is a canopy of 
clouds over the aky, dew cannot frmn, for the cloud ra- 
. diates to the earth as much as the earth radiates to it : the 
exchanges are equal, and the eauilibrium is muntained ; 
but if the cloud diaiqtpears. the \&tz of the surface of the 
ground escapes away into the regions of space, and is 
tost ; hence cloudy nights are warm, and a tlear is often 
a frosty night. 

For similar reasons, mountain tops are always colder 
than valleys. In a valley, the radiation is obstructed by 
the sides of tbe adjacent bUls, but on the top of a mount- 
ain the free exposure to the sky permits of unchecked 
radiation. 

It has already been observed, that conduction is only a 
form of radiation. In its ordinary acceptation, the term 
conduction implies passage firom particle to particle, by 
reason of ^eir being in contact ; but we have proved that 
the constitution of matter involves the existence of inter- 
stices, and that heat can only pass from among these I7 
radiating across the interstices ; hence the term mtersdtM 
radiation. 



coUer on maontuni than in Titley 1 1 'Wliu u msuit Lj iatantinKl r». 
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NATUKE OF lAQUT. 71 

An interastiag conclumon may be drawn from the con- 
didons of the passage of radiaot heat throngfa glssa. We 
h&ve Been It la neockMar; Au the heat should come from 
a nource of wWj high temperature to pass this medium 
wilh fiMaKty, Now the heat of the sun passes with the , 
greateat freedom, as is well known when we stand before 
B window through which the sxm shines. In the focus of 
s comex lens ^ glam exposed in die sun's rays, boiKes 
may bo readily set on fire. We infer, therefore, that the 
temperatora ^ the sub b very high ; a resuh which ii 
corroborated by pnM^ drawn from odier sciences. 



LECTURE -XVII. 

Naturb or Light. — FUratory Movement tie Cause of 
Jjtg&t. — Evolution of liigkt by Bdte of Temperalnrt,-^— 
Cote <f Gtuet. — Nature of Flame. — Artificial I^ig^* 
of varioue Cdon. — General Proptrtia of, Ligit, — The 
Pri*7n. — Dtcompotition of Iji^ht by tt. — Naf&e ^ 
White Light. — Newlon'e Theory o/dijkrent Refrangi- 



Tbb phenomena of radiant heat lesd us by irapercep- 
dble steps to the phenomena of lishL In treating of the 
former, we have in many cases drawn illustrations from 
the latter ; and, indeed, there are facts in relation to ca- 
loric wlmji it is absolutely impossible to understand until 
we comprehend' Uie analogous facts in light. Such, for 
instance, is the theory wmch I have designated "The 
Theory of Ideal Coloratioh," and which by the most em- 
inent -writers ia regarded as involving the fundamental 
fecta of the science of radiant heat. 

. Li^ht is the result of an undulatory or wave-like mo- 
tion, propagated through the ethereal medium, which per- 
vades all space. These waves, impinging on the retina, 
an espanaimi of the dptic nerve, aitnated on the posterior 
inner surface of the eye, produce in its delicate substance 
a specific chemical change. There is no difficulty in ad- 
mitting that from these changes impressed upon that sen- 
Whet araclDiicm insy be diuwa u reipestg tho teoiperaCnre of the iiui, 
baa, the pheooroena of ntdisnt heat J What i« Iha c»n«e of liriit 1 How 
ii the inlliusce of light on the retina tmunilted tp [b« bnun T 
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1^ TXANSMHSIPH ^ VIM^TIONB. 

^\o aarfaeay & vibnMry mov«meiui i» trmsatttej ailAng 
tbe optic xerre to. tfae t«iia ; for^aftw»8ball am wJwb.w» 
feadi the descripliaa of a simple T^tai» ^i^iut^ iJw oxt>i 
cUlion of a piece o( ^ine saay rliap ike. ^iHpei«tu»R o£ • 
platina thxeod to a red heat hu^uireda of qulei- v(£y tib» 
piovemau being tnmsnw^t^ thcowgb «.a<did eo^Mc nm^ 
Hove much rnvre^ then, might ve expect t^, 6m wailar 
Vv^reneuta commuBicBted thiougk » deHcatp vrnvoua 
Colunui, ^eciaUy oigauixed, for thj^is paw^^ 1 

Nor IS Ui«rQ any difficult^r ia admit^ng t^ (baowL 
such a channel anloGtiity of v^bratjoBs ma; w t au lt ajneonag' 
pass, undisturbed bj each other. All the varied objects 
around us, whatevn* may be theij shape or whatever their 
color, simultyeouslY trapamit through the opdc nerve 
dieir proper impresaiOQB, which are rc^tered in ihe bmin. 
There are similar phenomena in the caae of sound ; thu^^ 
if we. take amuncal sBnffboz, and) rsmoving^itscaoe, holff 
ic ia Aa ur, Ab a^und ia so eo&ehlsd that it m scarcely 
fy^ ff audihla a few feet off; but now, if die 

• - ' ilift^ument be placed in the po^on d, 

t^. 5a, KStbig on a block of wood, 
c, which ia brought ftariy in contact al 
ita lower end with the tahle, a b, the 
table begins to resound, and the musi' 
cal notes are all loudly and dntiiictbr 
heard. But these vibrations, into wbicb 
the fftble is thrown, have all passed 
through Ae mass of wood, c ,- if we touch it, it trembles, 
bene^ the fineer. And now, no mattec how ahapelesfl 
that interrening mass may be, nor how intricate the notea 
which the instrument h executing, tfaet^e is «0 confusion 
npr iotenningline' ; the mass of wood and the table on 
which it rests vibrate in uniaon with the musical mech- 

when the tetnperature of' solid Bubetances is raised to 
1000° Pahrenhert, tjiey begin to be luminous in the day- 
light, or, as it is termed, are visibly red hot. It requires 
a far Jiigher temperature to render a gaa incandescent. 

Am thera tug uulogoiu phenomens iDiulnlJii); the toinaniuiaD of ef- 
fect! ttrongh Ereit dlBtera;e> 1 Can >Dch cibrttioiu pui (ogetber thrimah 
■oltil bodlea witbost diitorbingaiie another 1 Qive u iUnaEndciD&ain^ttae 
ptwDomeiu of ■Dood. At vbtX tomper&tare aje lelidf lo ' ' ^ 
gu or > Kilid moce suil; a 



£71 




D,gniod;,GoO*;lc 




AETIFtCIAL LMHT. 78 

This may be shown by holding a piece of thin plEttin&irim 
in the current of hot air which rises irom the apex of the 
flame of a lamp; the air is not visibly ignited, but tba 
platina wire instantly becomes red hot, showing' the great 
difference in this respect between this metal and a gas. 

Different vapors and gases evolve different quantitiea 
of light when ignited. The flame of burning hj^iogen is 
scarcely visible in the daylight ; that of alndiol is but lit& 
brighter, bat, nnder the same circumstances, sulphnrie 
ether emits much li^t. If we take a glass of tbe form 
Fig. &4, consisiiftg of a bulb, a, and k, u 

curved tube, t, and having filled the „ 
bulb with ether, cause it to boil by 
the Bpplicatiim of a lamp, c, the 
ether may be set on fire as it is forced 
out of the vessel by the pressure of 
ita vapor. It bums in a beautiful 
arch of great brilliancy; hut if we 
substitute alciAol for ether, the light becomes quite in- 
sigDificant. 

The light which is emitted by lamp and candles is, 
however, in reality, due to the disengagement of solid 
matter. The constituents of tbe gas which produces tha 
flarae are carbon and hydrogen chiefly ; of tbese, the latter 
is tbe more combustible, and is first burned ; for a moment, 
therefore, the csrbos exists in a solid form, in a state of 
extreme subdivision, and at a bif^ temperature, but being 
in contact with the e^Etemal air, it is immediately consumeo. 
Artificial lights differ in color. If alcohol be mixed 
witb common salt and set on fire, the flame is of a yellow 
tint ; if with horacic acid, it is green ; if with nitrate of 
atrontian, it is red. It is upon these principles that die 
art of pyrotechny depends. 

From wbstever soui-ce light may come, it exhibits tha 
same physical properties. It moves in straight lines. 
When it impinges on polished metallic aur&ces, it is re- 
flected ; on dark surfeces, it is absorbed j on transparent 
surfaces, as glass, it is transmitted. In the last cose, it is 



iDd rethmkHi oC light I 



In ttw eombait™ of vipors uid g«e^ U *ere By di&rt^ 

■monQt of light eraiOedl Sow may tbu be lUmrtrated ) To»i*mc«of« 
are WB to attribntB tbe light smitted by lump. anA OHiao. I Sow may 
artificial yellow, grsen, and red Ughta be madaT In what amnn does 
light more 1 WhsC is meant by tlie reBectkm, tiuorpbao, tnuumuaioa, 
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74 DECOUPOaiTlON OF LIGHT UV A PRISM. 

frequently forced into a naw padi, as we eliall presently 
see, and then the phenomenon takes the name <tf refrac- 
tion, because the ray is broken from its primitive courBe. 

There are two different kinds of opacity, black and 
white; charcoal is a black opaque substance, earthen- 
Fif. IS. ware is opaque white. 

Sir Isaac Newton first succeeded in j^roving 

' the compound natnre of light by the aid of a 

very aimpla instrument, a glaM prism. It con- 

' » of a piece of glass haying three sides, 

Fig. 55, a a, and is usually mounted on a braaa 

' * with a ball and socket joint, c, which 

to place it in any required position. 

Let the ahuttera of a room be 

closed, and throueh an aperture in 

I one of them, suitably situated, let^a 

I beam of the sun enter. Fig. 56, a 

-I ^ , pursues, of course, a straight path, 

"^^^■c-^ ^"'"^ following the dotted line, a e. 

let the prism interpose in the position 
& c, so as to intercept completely the 
ray. This goes no longer to e, bilt is 
bent out of its course, and moves in 
the direction d. 

Two striking fects are now to be remarked : first, the 
ray a is refracted or broken from its path ; and, second, 
instead of forming on the surface d, upon which it falls, a 
white spot, an elongated and beautifully- colored image 
is produced. These colors are seven in number ; red, 
yeflow, orange, green, blue, indigo, violet. The separation 
of these colors from one another is designated by uie term 
Dispersion. 

Newton has ehown that white light consists of these vari- 
ous-colored rays blended together ; and their separation in 
the case before us is due to the fact that the prism refracts 
them unequally. On examining the position of the colors, 
in their relation to the point e, to which they would all 
have gone bad not the prism intervened, it is ascertained 
that the red is least disturbed or refracted from its origi- 

How many kindi of opudt}' are there T Deicribe the pium. State the 
efleccwtiicli eoines when a.ra7puieith[oagbthe priim. 'Wlist ii meant 
by refrietion T WTiat by tli»penion T What in Hewton'« tlieoiy of Iha 
Eonatilution of Ugbt T 
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TUS SOLAK SPKCTKUU. t& 

nal path, and tlie violet moet ; for these reasons, we call 
thereddieleaatre&annbte lay, the violet the mofitre&BD- 
gible, and the yellow mtormediately. 

That the mixture of these colored rays reproducea 
white light, may be proved by resorting' to any optitwl 
contrivance which wiU reassemble them all in oue pointj 
that point will be perfectly vrhite. 



LECTURE ZVIII. 
Constitution OF the Solah SracTauM. — Ordtr of the 

Cohrt.— Order ofiUetuity of the Light.— Dittributim 

ofSeat.— T&e Ghemieal Rayt. — Thar DUtrihutum.— 

CoHttitiOum of the SoUtr Bat/t. , 

Lbt V r. Fig. 57, represent the spectrum 'j^^ 
which is given by a sunbeam after its passage ^^^^ 
through a prUm, and e the point to which it I 
would have gone had not the prism intervened ; I 
the order of the colors commencing with that I 
wUch is least disturbed from its path, or nearest I 



Bed, Bhie, 

OrsnEfl, lodigi^ 

YelW, Violet. 

These colors gradually blend into each other, ' 
so that their boundaries can not be traced ; and instead 
of a circular spot, which would have resulted had they 
gone forward to e, they are dilated out, so as to form an 
elongated figure with parallel sides; at the two extreim- 
tiea the light fades gradually away, so that we can not trace 
its limit with preciMon. 

Besides this difference of color, the light differs in in- 
trinsic brilliancy in the Afferent spaces. Thus, if we re- 
ceive the spectrum on a piece of finely-printedpaper, we 
can read die letters in each color at very different dis- 
tances. In the yellow region the light is most brilliant, 
and there we can read farthest. From this point the light 
doclinea'in brilliancy to the two end s of the spectrum, Jt B 

wUteGgfatisainitl WbM i. the order of r^«^bdily of cdm T Whmt 
MthofSmof the ipectmmT' How mmy the illuanniinng power be de. 
tetBooAt 
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70 DtSTBtBUTION OF HEAT IH TH£ SPECTKUH. 

intcmBity in the colored spaces being in the follomnff or> 

Tellmr, I Blae, 

Qnea, 1 . Indin 

Orange, Violet. 

Bed, I 

Sir W. Herachel discovered, while using large reflecting 
telescopes, that the calorific rays of the aun pass with dif 
ferent degrees of facility through colored glasses, and was 
led to examine the temperature of the colored spaces of 
the solar spectrum, to see whether the intensity of^ the heat 
fellowa the intensity of the light. It was reasonable to 
suppose that the yellow space, being the brightest, would 
^ ^ be also the hottest. He therefore placed delicate 
thermometers in the various colored spaces, and 
kept them in these spaces until they had risen as 
hi^ as the ray could bring them. The thermom- 
eter V, Fig. AS, has risen the least, and in suc- 
cession, i,i,^,y,o, r/ that which was immersed 
; ^ in the red being the highest. 
3 • ^ It thus appears that the distribution of heat in 
I " the colored spaces of the solar spectrum is not the 
' same as ihe distribution of light ; Aat the yellow 
' ray, though it is the most luminous, is far from 

being the hottest, and that the intensity of the beat stead- 
ily increases &om the violet to the red extremity. 

But this is not all : he farther found, that if a Uiennora- 
eter be brought out of the red region in the positions, be- 
yond the limits of the spectrum, and where there ia no 
ii^t whatever, it stands higher than any of the others. 
From this a most important conclusion is to be drawn, 
dmt the light and heat existing in the sunbeam are dis- 
tinct and independent agents, and that by such processes 
as we are considering they may be periealy separated 
from each other. 

It was discovered by some of the alchemists, centuries 
ago, that the chloride of silver, asubstanceof snowy white- 
ness, turns black on exposure to the lighL More recent- 
ly, a great nnmher of such bodies have been found — bod- 
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RATB OP CHKHICAL ACTIOIT. TT 

iw wfaieh cbsnga, widi greater or leas rapidity, under the 
influence of this agent. The iodide of ailver, which foma 
the bsais of the process known bb the Dt^uerreotype, is 
■ucli ; and & mixtare of chlorine and hydrogen gases in 
equal volumes, though it may be kept unchanged for a 
great length of time m the dark, explodes violently on ex- 
posure to the Bonshine. In the same manner changes take 
place in a great variety of organic compounds ; we moat 
delicate vegetable hues are soon bleached, and, indeed, a 
ray of light can scarcely fall on a surikce of any kind 
without leaving traces of its action. 

If a piece of paper, spread over with chloride of silver, 
be placed in the solar spectrum, it soon begins to blacken. 
But it does not blacken with equal promptitude in each 
of the colored spabea ; the eSect takes place most rapidly 
among the more retrangible colors, and especially in the 
violet region. As in the case of faeat, the efiect extends 
&r beyond the limit of the spectrum, and where the eye 
can not discover a trace of HghL We are led, therefore, 
to conclude that there exists in the sunbeam an agent ca- 
pable ofproducingchemical effects, which exerts no action 
on a thermometer, which can not be perceived by the eye, 
and which therefore is neither heat nor lighL 

By placing mixtuTBB of chlorine and hydrogen in small 
vials, and immersiog them in the colored spaces, we can 
readily determine the place of maximum action, and the 
distribution of the chemical influence throughout the 
spectrum. In this, as in the former instance, the greatest 
effect is found amon^ the more refrangible colors, and 
from that point diminishes toward each extremity of the 
spectrum. 

As the general result of this examination of the solar 
spectrum, we finally come to the conclusion that light, for 
from being a simple, is a very complex agent ; that there 
exist in the sunMam at least three separate principles : 
one which excites in onr bodies the sensation of warmth ; 
a second which, from its influeuce on the oi^ans of vision, 
we recognize as lig^t ; and a third which determines the 

When ■ mlztore of cblarine and hydrageo in expoied lo die nui,wliMoo- 
CBiml B)wdoe«lWrtiaiiigeT«getaMei«iiwt Whtchnrdufcena tlw 
chlgrideof lilTecmoatt wbkt inuof have ire Ihat Ukodwr (geat exiiti In 
dM Hn'! im beride* GeU ud heMT Wbit nv tffecti the mixtare of 
(Uone HidkrdiDgeD mcatpowerfblly 1 WhU u tlia generml iwolt M 
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78 FB03FHODOCENIC RATS. 

production of chemical changea. Future diacoretj msy 
ebovf that tbese are modifications of one cominon princi- 
ple, but in the present position of science-we are ohliged 
U) regard them as essentiallj distinct. 

Besides these three principles, there are several facta 
which point out the existence of a fourth. When oyster- 
shells have been calcined with sulphur, Uiey obtain the 
quality of shining after they have been expoee^to the 
hght. The Idief flash of en electric spark m su^^nt to 
make them glow splendidly ; but, what is very singular, 
the rays, which in this instance bring about this result, 
can not pass through a piece of glass. Glass is periectly 
opaque to them. We can not regard that as light which 
is unable to pass through glass ; uid on arguments of this 
character, I have shown that the phosphorogenic rays are 
entitled to be regarded as a distinct miponderabia prin- 
ciple.— {PAi7. Mag., Aug., 1844.) 



LECTURE XIX. 
Wave Thboby op Light. — Fixed LineM in the Solar 
Spectrum. — Proofs of the Exiitence of the Ether. — Light 
ctmtUts <if Waves in it. — The Etk^eal Particle* move 
but little. — Distinction betiOeen Vibration and Undvia- 
tion. — Fresnel't Theory of Trafuverie Vibrationt. — 
l^ansnerse and Normal Wavei. — Brilliancy of Light 
depends on Amplitude of Vibration. 

In the foregmng examination, we have found that light 
is veiT far from being a simple arent ; it contains at least 
four distinct principles : beat, light, chemical action, and 
pbot^borescenca ; but of each of these there are many 
modificatioDB. The eye proves to us that of light there 
exist at least seven different varieties, answering to the 
seven colors, and besides this, innumerable intermediate 
tints ; the same subdivision may be traced for each of the 
other principles. 

When the aperture which admits a ray of light into the 
dark room, JT^'. 56, is a narrow fissure or slit, not more 

WliM proof I* tliera of tlia eiutenee dt a finrtfi piiuiiplaT Can tfia 
lAuMpboioaeaio nyi of in electric ipaA pas* dinmgfa glial 1 Are than 
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WAVE THBOKT OF UQUT. 70 

than tbe one thirtiath of an inch in width, the spec- 
trum which is tbrmed by the action of a priam is 
CTOBsed by great numbers of black lines. These 
always are fuund in the same position, as respects 
the colored spaces, and, from the invariahihty of 
that position, are much used as boundary marks. 
They are designated by the letters of tbe alpha- 
bet, and their relative magnitude, with their po- 
sition, is given in Fig, 59. 

It has akeady been said that the cause of light 
is an undulatory movement taking place in the 
ethereal mediuni. That such a medium exists 
throughont all space, seems to be proved by a 
number of astronomical facts. It exerts a resist- 
ing agency on bodies moving in it. From its 
tenuity, we should acarcely expect that it would 
impress auy disturbance on the great planetary masses ; 
but on light gaseous cometary bodies it produces a per- 
ceptible action. The comet of Encke, with a period of 
about 1200 days, is accelerated in each revolution by 
about two days; and that of Biola, with a period of S460 
days, is accelerated by about one iay. As there is no 
other obvious cause for these results, astronomers have 
very generally looked upon them as corroborative proofs 
of Uie existence of a resisting medium, that universal ether 
to which BO many other facts poiuL 

In this elastic medium, undulalory movements can be 
propagated in the same manner as waves of sound in tbe 
air. It is to be clearly understood that the ether and light 
are distinct things ; the latter is merely the eifect of move- 
ments in the former. Atmospheric air is one thing, and 
the sound which traverses it another. The air is not 
made up of the rotes of the gamut, nor is the ether com- 
posed of the seven colors of light. 

Across the ether, undulatory movements, resembling, in 
many respects, the waves of sound in the atmosphere, trav- 
erse with prodigious velocity. From the eclipses of Ju- 
piter's satellites, and other astronomical phenomena, it 
appears that the rate of the propagation of light, or the 
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80 UeCHANISM OF WAVBIS. 

Telocity with which these waves advance, is 195,000 milea 
in a eecood. We are not, however, to understand by this 
that the ethereal particles rush forward in a rectilinear 
course at that rate : those particles, far from advancing, 
remain Btationary. 

If we take a long cord, a b, Fig. 60, and having faat- 
j^ jg ened it by the extrem- 

~ ity, b, to a fixed obsta- 
cle, commence Kgita- 
I ting the end, a, up and 
' down, the cord will be 
thrown into wave-like modons passing rapidly &om one 
end to the other. This may afford us a rude idea of the 
nature of the ethereal movements. The particles of which 
the ccrd is composed do not advance or retreat, though 
the undulations are rapidly passing. 

So, too, if in the center, c, of a surface of water, Fig, 

Kg. «i. ^1> ^^ mELke a tapping motion with the 

fin^r, circular vraves are propagated, 

which, expanding as they eo,soort reach 

Sthe sides of the vessel which holds the 
Water. A light object placed on the 
surface is not violently drifted forward 
by the waves, but remains entirely mo- 
tionless. We see, therefore, that there 
is a wide distinction between the mo- 
tion of a wave and the motions of the paiticles among 
which it is passing. They retain their places, but the 
wave Sows rapidly forward. 

A distinction is to be made between the words vibni- 
tioQ and undulation. In the case of the cord. Fig. 60, the 
vibratioQ is represented by the movement exerted by the 
hand at the &ee extremity, a,* the undulation is the wave- 
like motion that passes along the cord. In the case of 
llie water, Fig. 61, the vibration was represented by the 
tapping motion of the finger, the undulation by the resul^ 
ing wave. We, therefore, see that these stand in the re- 
lation of cause and effect : the vibration is the cause, and 
die undulation the effect. Throughout the ethereal medi- 

Do the elhereal pBrticlei move forvard at tiiat rate T How may the 
movemsaEi of etfaereDl waiei b« repreiauted b; a cord 1 How ma; thejr 
be reDTSietited on the vnrface of water? Do tlie Tibratiiis particles mova 
with the wave ? What ii the dininclioa between libntioni and 
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TBnttT OF TKANBVEBSI VIBBATtOKi. 81 

wn, each panicle Tibrates and traosmito the aiululatoiy 
effect to the panicles next beyond it. 

In the same way as a vibrating coid s^tateB the but- 
rounding air, and makes waves of sound pass tbrou^- it, 
•0 does an incandescent or shining particle, vibrating vrith 
prodigious rapidity, impress a wave-like movement on the 
ether, and the movement ev«itually impinging on the eye 
ia what we call lig^t. 

To lafer a^ain to the simple illnstration given in Fig, 
€6: it ia obvious that there are an infinite variety of i£- 
rections in ^ich we ma; vibrate that cord or throw it 
into undulations. We may move it up and down, or 
horizontally right and left, and also in an infinite number 
of intermediate directions, every one of which is trans- 
verse, or at right an' Tsg, ta. 
glcB to the lengdi of ^ 
3ie cord, as a a,bh, IXK 

c c, fee mg. 62. 'mf-^""" — -— v_,^^-v_-^ 

This is the peculiari- \J^ 

tj of the movement * 

of light. Its vibrations are transverse to the course of the 

ray; and in this it differs from the movement of sound, in 

which the vibrations are normal, that is to say, executed in 

the direction of the resulting wave, and not at right angles 

This great discovery of the transverse vibrations of 
light was made by M. FremeL It is the foundation of 
the whole theory of optics, and offers a simple but brill- 
iant explanation of so many o£ the phenomena of light, 
that the undulatory theory is by many writers designated 
the Thedbv of XKiNsvER8£ Vibrations, 

It may, however, be remarked, that though light con- 
rists o£ raya originating in these transverse motions, it is 
not impossible uiat there may be other phenomena which 
correspond to movements in other directions. To those 
movements our eyes are totally blind, and hence we can 
not speak of them as light. In the same way there may 
be modons in the air, due to transverse vibrations, but to 
them our ear is perfectly deaf. But it ia not improbable 
that God has formed organs of vision and organs of hear- 

ibow mfejiy w 

implied Inr the term theory M tti 

wvitritionit Are odier raotiniii paiible t 
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ing in ihe case of other animals upon a different type ; 
eyes that can perceive normal vibrationa in the ether, 
and ears that can diatinguieh traneverse sounds in the air. 
Lights differ fi-om each other in two striking particulara 
—brilliancy and color. These are determined by certain 
affections or qualities in the waves. On the surface of 
water we may have a wave not an inch in altitude, or a 
wave, as the phrase is, " mountains high." Under thestt 
circumstances, waves are a^d to differ in amplitude ; and, 
transferring this illustration to the case of light, a wave, 
the amplitude of which is great, impresses us with a sense 
of intensity or brilliancy, but a wave, the amplitude (^ 
Which is little, is less bright. The brUliancy of light de- 
pends on the magnitude of the excursions of the vibrating 
particle. 



LECTURE XX. 

Wave Theobt op Light. — Colort of Light J^md upoit 
Wave Letigths, — Ikterference tf Somdi. — Young' i 
Thtory of Inlerference of Light.— Condition <f BUer- 
ference.— Explanation of Lightt and Shada m Shad- 

Bt ^e length of a wave upon water, we mean the dia- 

PVj. es. tance that intervenes from the crest 

a i_ of one wave to that of the next, or 

from depression to depression. 

Thus, in Fi^. 63, from a to ft, or, 

what is the same, from etod, constitutes the wave length. 

In the ether the length of the Waves determines the 

phenomenon of color; diis may be rigorously proved, as 

we shall soon see, when we come to the methods by which 

ShiloBOphers have determined the absolute lengths of un- 
ulabons. It has been found that the longer waves give 
rise to red light, jhe shorter ones to violet, and those of 
intermediate magnitudes the other colors in the order of 
their re&angibility. 

Two rays of light, no matter how brilliant they are sep- 

cy of lij^t depBn_ . „ _.„ 

Iba cotuuBtiaii between odor ud w 
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TWO BOOXD3 MODUCE BILENCE. 6S 

untflly, mny be brought nnder such relattons to one 
another as to destroy each others effect and prodace dark- 
ness. Light added to light may produce darkness. T*to 
sonnde may bear sucb a relation to each other that they 
shall produce silence ; and two waves, on the surface of 
water, may so interfere with one another Utat the water 
shall retain its horizontal position. 

Take two tuning forks of the same note, and fasten by 
a little sealing wax on one prong of each e . nt. tt. 
disc of card-board, half an inch in diameter, £ 

aa seen Fi^. 64, a. Make one of the forks a 
little heavier than the other, by putting on 
the end of it a drop of the wax. I 

Then take a glass jar, b, about two inches 
in diameter and eight or ten long, and having 
made one of the forks vibrate, hold it over 
the mouth of the jar, as seen at d, its piece 
of card-board beingdownward; commence pouring wator 
into the jar, and the sound will be greatly re-enforced. 
It is the column of air in tbe jar vibrating in unistm with 
thefork, and we adjastitsl^mgthby pouring in the water; 
when the sound is loud^t, we cease to pour in any more 
water, the Jar is adjusted, and we can now prove that two 
sonn^ added together may produce silence. 

It matters not which fork is taken, whether it be the 
light or the loaded, on making it vibrate and holding it 
over the mouth of the resonant jar, we hear a nniform 
and clear sound, without any pause, stop, or cessation. 
But if we make both vibrate over the jar together, a re- 
markable phenomenon arises, a series of sounds altema- 
thig with a aeries of silences; for a moment the sound in- 
creases, then dies away and ceases, then swells forth 
again, and agma declines, and bo it continues until the 
forks cease vibrating. The length of these pauses may be 
varied by putting more or less wax on the loaded fork;^ 
and aa we can see that even during the periods of silence 
both forks are rapidly vibrating, die experiment proves 
that two sounds taken together may produce silence. 

Under these circumstances, waves of sound are said to 

What it memt by ths iDterfsnnce of ligtita or of lomidi 1 Oiva ui II- 
Initration of tlw interferenM of (onndi. What ii Che ehameter of tba 
•onndwhichdiereBOoantjiirBmiMJ Why tra tiiore p.aMi in i( I M 
the time of Iheis paoici, lire tha fbrk* vibnitnig t 
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LAWS OF IKTESFEKENCE. 



haerSm with each other, and in like m&Dner interference 
takes pl&ee among the waves of tight. We can gather 
an idea of the machanism by conBidering this case iti waves 
upon water, in which, if two undulations esconnter under 
Buch circumstances that the concavity of the one corro' 
sponds with the convexity of the other, they mutually de- 
stroy each other's effect 

If two systems of waves of the same length encounter 
each other afler having come through pAths oi equal length, 
they will not interfere. Nor will they interfere even - 
tbou^ there be a diSbrenee in the lengdi of these paths, 
provided that difierence be equal to one whole wave, or 
two, or three, &c. 

But if two systems of waves of equal length encounter 
each oilier after having come tfarou|h paths of unequai 
length, they will interfere, and that interference will be 
complete when the difference of the paths through which 
they have come is half a wave, or 1}, 2^, 3j, &c 

Fig. 6t. These cases are respectively ^ovrn 

1 S, and c d. Fig. 65, at the point 
' of encounter, x ; in the first instance, 
"^i the two sets of waves are in the same 
phase, that is, their concavities and 
^ convexities respectively correspond, 
, and there is no interference ; but in 
the second case, at the point of en* 
counter, x, the two systems are in opposite phases, the 
convexity of the one corresponding with the concavity ot 
the other, and interference takes place. 

Upon these^principles, we can account for the remark- 
Fif. M. able results of the following experi- 

ment : From a Incid point, «, Fig. 
' 66, which may be formed by the 
[ rays of the sun converged by a don- 
mvex lena of short focus, or by 
ig a sunbeam through a pin- 
.^ hole, let rays emanate, and in them 
place the opaque obBtacle,afi, which 
e will suppose to be a cylindrical 

When two wavet nprai water encoanter each olher, under what cir- 
ennutuicea will they interiare T WbEu lysteiDa of wavei of eqaal length 
SDcoDDEer one another, when do thev, and when do they not, interfera 1 
Deiaibe tha ezperineDt repteienteJ in Fif. 6G. 
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INTERFERENCE OP LIGHT. 6B 

btitJj, seen endwise in Xke figuie ; at Bome distance beyond 

Elaceascreenofwhitepaper, c(£, to receive the shadow. 
t might be supposed that this shadow should be of a 
m^mtude included between x y, because the rays, t a, 
I b, wiiich pass the sides of the obetacle impinge r^ gj 
on the paper at those points. It might farther be ^^J 
supposed, tliat within the space x y the diadow ^B 
. should be oniformly dusky or dark ; bat, on exam- MJ 
ining it, such will not be found to be the case. BBr 
The shadow will be found to conaist of a series of ■H ' 
l^ht and daric stripes, as represented in Fig. 67. BB 
In its middle, at e, Figt, 66 and 67, there is a white ^B 
stripe ; this is succeeded on each side by a dark ^^ 
one ; this, again, by a bright one, and so on altematelT. 
Upon the undulatoiy ilieory, aU this is readily explain- 
ed. Sounds easily double round a comer, and are heard 
-thondt an olntacle interrenes. Waves upon water pass 
round to the back of an object on which they impinge, 
and the undulations of light in the same manner flow 
round at the back of the piece of wire, a b. Fig. 66 ; and 
now it is plain that two aeries of waves which have passed' 
from the sides of the obstacle to the middle of its shadow, 
that is, along the lines a e, b e, have gone through paths 
of eqnal len^h, and, therefore, when they encounter at 
the point e, taej will not interiere, but exalt each other's 

But, leaving this central point, e, and passing to^ it is 
plain that the systems of waves which have come through 
the paths a/, hf, have come through different distances, 
for bf\a longer than a f ; and if this difference be equal 
to the length of half a wave, they will, when they encoun- 
ter at the pointyi interfere and destroy each other, and a 
dark stripe results. 

Beyond this, at the point g, the waves from each side 
of the obstacles, a g, b g, again have come through une- 
qual paths ; but, if the difference is equal to the length of 
one whole wave, they will not interfere, and a white 
stripe results. 

Reasoning in this manner, we can^see that ■the interior 

Ii Aie reinlting ihadow uuifbimlj duk ? At the centnl pcnut of flM ' 
■ludow, il it duk or light? Biplftinths ciaie of this centnl liilit apKC*, 
■ud of Ibe tltemate duk mid light onei oa each lide oTit ? Whit ii tba ' 
lei^ of the patbi of die wftTei which go to the iUiuniiiated ipacea, wid of 
Ante wUdi go to the dark oatt ? 
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of Bucli a ahodow' consists of illuminated snd dark spaces 
altemUely : illuminated spaces, when the light has come 
through paths that are equal, or that difier from each oth- 
er by 1, 2, 3, 4, . . &c., waves; and dark, when the dif- 
ference between them is eqaal to i, H, 2^, 3^, . . &c., 
waves. 

That it is the interference of the light coming from the 
opposite sides of the opaque object which is the cause of 
tnese phenomena, is proved by the circumstance that if 
we place an opaque screen on one side of the obstacle, so 
as to prevent the light passing, die fnnges all disappear. 



LECTURE XXI. 

Wavk Tbeory op Liort. — Meaturement of the Length of 
a Wave <f Light. — Lmgth difftr* for iiffercat OoIoti. 
— MeeuvTemeHt of the Period of Vibraeiimt.-^NatiiTt of 
Polarized Light. — Plane, Cirettlar, and EUiptieal 
Polarized Light. — Rejlection, Reaction, and Absorp- 
tion of Light. 

The experiment. Fig. 66, may enable us to detern)ine 
tbe length of a wave of ligh^ This may be readily done 
by measuring the distances a /and bj', or &om the sides 
of the obstacle to the firat bnj^ht stripe from the central 
one, for at that point the difference between those two 
lines, a f and h f,)a, equal to the length of one wave. 
"We might employ the second bright stripe ; the diffei^ 
ence then would be equal to two waves. 

Farther, if, instead of uMng ordinary white light, radia-. 
dng from the lucid point, », we use colored lights, such aa 
red, yellow, blue, &c., in succession, we shall find that 
the wave length determined by the process just explained 
differs in ea^ case ; that it is greatest in red, and small- 
'i violet light. By exact experiments made upon 



given, it has been found that the different colored rays of 



methods more complicated than the elementary one here 

given, it has been foui ~ 

- fight have waves of the following length : 

How cui it be Dmred th&t the WBvsa lioiD 'San opp«ite lidN of did ot^ 
•tade ioMrfere f How, 1^ Ihii ■muKemeiit, nughl wo mBmmro tli* 
iMgdi a(> WKv* of ligtitl When di^rent colon oT ligiit mnMd, an 
die wavei Erand to be of eqnil toBgdi T 
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FBEQOENCT OF WAVE-VIBKATION. 67' 

■WAVt: LENOTHS OF THE DIPFERBNT COLORS OF {.NHT. 

Tbe Snglisli incli is supposed to be divided into ten 
millions of equal partB, and of those parts the wave lengths 



For red light . 

In this 



For blae 






:, it is proved that the different colon of 
light arise in the ether, from its being thrown into wares 
of different lengths, 

Knowtne the rate at which light is propagated . in k 
second, and the wave length for a particular color, we can 
readily tell the number of vibrations executed in a second, 
for they plainly are obtained by dividing 195,000 miles, 
the rate of propagation by the wave length. From this it 
appeara, that if asin^e second of time be divided into one 
miuion of ei^ual paita, a waveof red light trembles or pul- 
sates 458 nuUiom of times in that inconceivably short in- 
terval, and a wave of violet light 727 millions of times. 

In speaking of the conatitution of matter, in Lectures I. 
and II., I bad occasion to allude to the amazingly minute 
scale on which it is conBtructed. The remark^e facts 
we are now considering are a monument to the genius of 
Newton and his successors, for they give us a just idea of 
the scale of space and time upon which Nature carries on 
her worka among the molecules of matter. 

Common light, as has been said, originates in vibratory 
motions taking place in evefy direction mmsverso to the 
ray. With polarized light it ia different; to gUher an 
idea of the nature of polarized light, we ntust refer once 
more to the cord. Fig. 62, which, as has been said, serves 
to imitate common light when its extremity ia vibrated 
vertically, horizontally, and in all intermediate positions 
'n rapid succession. But if we simply vibrate it up and 

. , .. „ .. ■ ■ dligi- 



down, or right and left, then it imitates polarized light; 
polarized light is, therefore, caused by vibrations trans- 
verse to the ray, but which are executed in one direction 
only. 
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FOLAKtZATION OF LIGHT. 



Tbere is a certain gem, the touTmaline, whicb serra to 
lb'. Ml exhibit the propeitiea of pol&T' 

ized light. If we take a thin 
plate of this eubstance, c d, prop- 
erly cut and polished, and allow 
a ray of lieht, a b, Jpig. 68, to 
fall upon It, that ray will be 
freely tranBinitted through a second plate if it be hold 
■jrmmetrically to the first, as shown at ey,* but if we turn 
the second plate a quarter round, as seen Btgh, then the 
li^t can not pass through. The raya of the meridian sun 
can not pass through a pair of crossed tourmalines. 

f^ gg The cause of this is obvious : if we take 

a thin lath or strip of pasteboard, c d. 
Fig. €9, and hold it bef«re a cage, or 
f grate, a b, it will readily slip through 
when its plane coincidea with the bats ; 
but if wo turn it a quarter round, as at « 
J", then of course-it can not pass the bars. 
Now the plate of tourmaline. Fig. 68, e d, polarizes the 
li^t, a b, which falls upon it ; that is, the waves that pass 
through it are vibrating all in one plane. They paaa, 
thereioBe, readily through a second plate of the same kind, 
so long u it is held in such a way that its structure coin- 
cides with that motion, but if it be turned round so as to 
cross the waves, then ihe^ are unable to pass through it. 
There are many ways in which light can be polarized: 
by reflection, re&action, double refraction, kc The re- 
■ulting motion impressed on' Uie ether is the same in all 
cases. 

Light modified as just described is designated plane 
polarized light ; but Uiere are other varieties of polariza- 
tion. If the end of the rope, Fig. 62, be moved in a dr- 
cle, circular waves will be produced, imitating circularly 
polarized light ; and if it be moved in an ellipse, elliptic^ 
polarized light. 

The undnlatory theory of light gives a clear account of 
the ordinary phenomena of opdcfi. The general law 
under which light is reflected fi-om polished surfaces is a 

DeMciba tbe optieri propcTtiei of the toarmsline. Oiie an iUtutntioD 
ofdia pbeDcmnxm. What i* the came oC the action et die iscand lonr 
maliiie plate T Heiition arane of the malliodi ty which Iwfat ram; be po- 
lariied. What ii dicolariy polai4i«d U^ 1 what U slBplicalfy ptdar 
iiedligUI 
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LAWS OF BBFLBCTIOH AND kSFKACTION. 

direct conBeqtience of it ; that law is : that the Kf m. 
angle, d ch. Fig. 70, made by the reflected V* * 
ray, d c, with a perpendicular, c b, drawn to 
the point c, at which the light impinges, is 
equal to the angle, a e b, which the incident 
rajr makes with the same perpendicular, or, , 
as it ia briefly expressed, " (he angles of inci- < 

dence and reflection «e equal to each other, and on op- 
posite sides of the perpendicular." 

By the aid of this law, we can show the action of re- 
flecting surfaces of any kind, and discover the propertiM 
of plane and ctirvod mirrors, whether they be concave or 
, spherical, elliptical, paraboloidal, or any other 



From the undulatory theory, the law of the refraction 
<£ light also follows as a necessaiy consequence. It i^ : 
in ever^ transparent substance, "the sines of the angles 
of incidence and refraction are to each other in a constant 
ratio ;" and by the aid of this taw we can determine the 
action oT media bounded by surfaces of any kind, plane or 
spherical, concave or convex. It explains the action <^ 
lenses, and the construction of refra^ing telescopes and 
microBCopes. 

Sir Isaac Newton's discovery, that white light arises 
jrom the mixture of the dWerent colored rays in certain 
proportions, explains the cause of the colors which trans- 
parent media oilen exhibit; thus, if glass be stained with 
the oxide of cobalt, it allows a blue light to pass it, and 
upon snch principles the art of painting on glass depends ; 
difierent colors being communicated by difierent metallic 
oxides. The cause of this effect is readily discovered ; 
for, if we make- the light which enters a dark room, as in 
Fig. 56, pass through such a piece of stained glass before 
it goes through the prism, and examine the resulting epeo- 
trum, we find diat several rays are wanting in it ; that the 
glass has absorbed or detained some, and allowed others 
to traverse it. A piece of blue glass thus suffers most of 
the blue li^t to pass, but stops the green, the yellow, &c. 
Biit it is awoto be olwerved, that the U^bt which is trans- 
mitted by any of these colored media is not pure, it is 

WliBtUBiegeDe™nBw<rfrBflootionI Wh«t ia the Uw of the rebte- 
tioad'ligbtl What ia the csnte of the coion of truiapirelit medi& t In 
tbe light tniumitted dirangh Oeie colored medm para ? 
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S5> -THE TITBOMC RAYS. 

contaminated with otber tints ; tbe blue gltUs, for instaDca, 
does not atop all thf rays except the Uue ; it allows a large 

portion of the red to pass, and hence the light it ti " 

IB more or less compound. 



LECTURE XXU. 

Thk TiTHorpc 'Rays.— Peckliaritiet of the THtkonie Rayi. 
— Their Physical Independence of Heat and Light. — 
Analogiet with Light. — F<rund in Moonlight, Ztamp- 
light, ifc. — Preliminary Absorption and definite Action. 
— In producing a Chemical Effect, the Ray change*. — 
Daguerreotype. — Application to talcing Portraits. — Na- 
ture of the Daguerreotype. — Other Photogenic Processet. 
It has.lieen already observed, that when a solar spec- 
trum falls upon paper covered over with chloride of ail- 
Ter, the chloride turns black in the more refrangible re- 
giona, and from this and similar esperiments we have been 
led to the knowledge that there exists in tbe sunbeam a 
principle which can bring about chemical changes. 

This fact has been received from the beginning of the 
present century; but, of late, much attention has been 
^ven to these rays, and from a consideration of the phe- 
nomena they exhibit, I have endeavored to prove that they 
constitute a fourth imponderable principle of the same 
rank as heat, light, and electricity; and, for the purpose 
of giving precision to this view, have proposed that they 
should be called Tithonic rays, from the circumstance 
that they are always associated with light ; drawing the 
allusion &om the classical fable of Tithonus and Aurora. 
This name is, however, to be regarded as a provisional 
one. Everr thing seems to indicate that sooner or later 
all these prmciples will be reduced to one of a more gen- 
eral nature, or that they are all modifications of move- 
ments taking place in the ether. 

The evidence of the physical independence of the Ti- 
thonic rays is very much of the same character as the evi- 
dence of the difference between heat and light. These 
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PBOFESTIES OP THE TITBONIC RATB. 9t'. 

x%js are invisible to the eye, snd therefore are Dot light ; 
diey do not affect a tharmometer, and therefore are not 
heat. Media which are tranaparent to heat are not trans- 
parent to thein, and media Uirongfa which light readily 
passes are perfectly opaque to them. 

The Tiifiomc rays are emitted, and undergo reflection, 
refraction, and polarization, precisely in the manner of 
light and heat. Unlike the latter principle, they exhibit 
no phenomenon of conduction ; the effect which they pto- 
duce does not paaa fiom particle to particle, but is limited 
to that on which the light has impinged ; nor is it, as yet, 
distinctly established that they exhibit any phenomenon 
analogous to secondary radiation. An obj«t upon which 
rays of heat fiill, as it becomes warm, radiates back again, 
but a substance on which Tithonic rays are impinging 
does not radiate in like manner. 

Id the sunbeams Tithonic rays exist abundantly; I have 
also found them in the moonlight, in sufficient quantity to 
give copies of that satellite on sensitive suriaces. In 
lempUght and other artificial light, they also occur to a 
much greater extent than is commonly supposed. They 
do not effect a thermometer,, because, except under pe- 
culiar circumstances, they can not produce expansion ; 
their office appears to be to arrange and gronp the mole- 
cules of bodies, and to bring about the substitution of one 
element for another. 

When the Tithonic rays fall upon a sensitive medium 
for a brief space of time, no change takes place in it; 
during this time the rays are actively absorbed, but as 
soon as that preliminary absoiption is over they act in a 
manner which is perfectly .definite : if, for instance, it be 
a decomposition they are bringing about, the amount of 
decomposing effect will be precisely pntportional to the 
quantity of ra}^ alraorbed. 

When a beam from any shining sourca causes a de- 
composing effect, it is uniformly observed that it is itself 
disturbed ; the medium which is changing impresses a 
change On the ray. Thus, a mixture of chlorine. and hy- 

Ara dieie r«yi ™ibla T Do they affect a tharmometar 1 Can they be 
eondttcted like heal J Do they exhibit Becondgry radiation 1 Are Ihey 
(band id die mooobeatiu and utiBcial lighti 1 Do Ijiey affect the ther- 
mDtDelerl The inode of action of theae raya onbodiea ii divided into two 
■tagei, what aie they T Doai the ray itielf diinse in bringing aboot tkeia 
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drogen unitee under tlie influence of a ray, but that por- 
don of the ray whicb passes through the mixture has loat 
the qualii; of ever bringing about a like change again; 
die mixture is ddionized and the light detifhonized. 

When a beam from any shining soarce &11b on a 
diangeable medium, a portion of it is absorbed for the 
purpose of efibcting the change, and the residue is either 
reflected or transmitted, and is perfectly iueit as respects 
ibfi medium itself. 

No chemical efiect can, therefore, be produced hy such 
rajn except they be absorbed. It is for this reason that 
TT&ter is never decomposed by the sunshine, nor. oxygen 
and faydrogenanade to unite ; for these substuices are all 
transparent, and allow tjie rays to pass wiihout any ab- 
sorption, and absorption is absolutely necessary before 
chemical action can ensne. 

But with chlorine the case is very diSereat. This sub- 
stance exerts a jpowedul- absorbent action on light ; the 
effect takes place on the more refrangible rays ; when 
mixed with hydrogen and set in the light, it unites with a 
violent explosion. 

' Theproceas of the Daguerreotype depends on the action 
of the Tithonic rays. It isconductedaaibllowii: Apiece 
of silver plate is brought to a high poUsh by rubbihg it 
with powders, such as 1 ripoli and rotten-stone, every care 
being taken that the surface shall be absolutely pure and 
clean, a condition obtained in various ways by different 
artists, as by the aid of alcohol, dilute nitric acid. Sec. 
This plate is next exposed in a box to the vapor which 
rises from iodine at common temperatures, until it has ac- 
quired a ^Iden yellow tarnish ; it is next exposed, in the 
' camera obaeura, to the images of the objects it is designed 
to copy, for a suitable space of time. On being removed 
bom the instrument, nothing is visible wpoa it ; but on ex- 
posing it to the fumes of mercury, the images slowly evolve 



To prevent any farther change, the tamished aspect of 
:he plate is removed hy washing the plate in a solution of 
hyposulphite of soda, and finishing the vrashiug with wa- 
'er ; it can then be kept for any length of time. 
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8«renU important improTementB an die aiiginal proceM 
have been mode: 1st, by exposing the piste, after it hu 
been iodized, to ibe vapor of brmnioe, or chloride of iodine, 
wbicb gives it^ wonderful sensibility ; 8d, by gilding the 
plue, ^er the other openuionB are complete, by tbe aid 
of a mixture of fayposnlphite of soda and eUonde of gold ; 
this acta like a vamisb, taMening tbe pictom and giving 
it a more agreeable yellow tone. 

The art of taking portraits from tbe life, wbicb has now 
become a. branch of induelry, was invented by me soon 
after tbe Daguerreotype was known in America ; at diat 
time, tUs, which is by for the most valuable applicatiim 
of tbe (JTemical agencies of light, was looked upon in Eu- 
rope as entirely beyond the powers of this process; but 
subsequently great improvements in it have been made. 
My memoir descriptive of tbe art may be seen in the L<m- 
dm and Edinburgh PMlot^kieal Magazine (September, 
1840), and the facts are also specified in tbe Edinburgh 
Reviae (January, 1843), in which the discovery is attrib- 
uted to its proper source, tbe author of this book, 

Wbeo a beam fall* upon the surface of a Daguerreotype 
plate, it communicates to tbe iodide of silver a tendency 
to decomposition, but iodine is never set free because en 
the metallic silver behind. On exposing a surface dis- 
turbed in this maimer to the vapors of mercury, entire 
deeompositioa of ihe iodide ensues, its silver unites vrith 
the mercury, forming a white amalgam, and the iodine 
corrodes the metallic silver behind. The utmost care 
must be taken in all Daguerreotype processes to have no 
vapors of iodine, or bromine, or chlonne about the camera 
or other apparatns ; they possess die quality of effacing 
die effects of light, and the most common source of failure 
amoDg Daguerreotype' artists is due to neglecting this 
precaution. 

There are some important difficulties to which tbe Da> 
guerreotype is liable. For taking landscapes it is not 
available. Green and red colors impress no ithange upon 
it. The order of colors and light and shadow is not, there- 
fine, stricdy observed, 

Hentkn mne of Out later bnproTsinentii ti die pioceM 1 In tfal* pro- 
Mmii todine let tne boa ihe plate T Widi what iovM Ota lodiae Duita 
nadertfae inflaeiKfl of the msicarul vapor I Why ill DM tbe Ot^SReo- 
^ype ■ppUeable to landicapei 1 
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. There are many other photc^nic processes now kopfni : 
several have been invented by Mr. Talbot;-among ihem 
may be meutioned the calotype. Bir J. Herschel, also, 
has discovered very beautiful ones, and these possess the 
great advantage aver Daguefre's that they yiefd pictures 
upon p^ter. In minuteness of efiect they can not. hoVrev- 
er, be compared to the Daguerreotype. 



LECTURE XXIII. 
TuEORY OF Ideal' CohOfiATioN.— Imaginary GtloratUm. 
— Variation in the Colon of radiant Hea( at the Temper- 
ature changes. — Ideal Coloration of natural Ohjectt.- — 
Fixed Lines in the Spectrum. — Phoaphorogmie Rays. — 
Relations of the radiant Principles to the Vegetable 
World. — Spectral Imprea»ions. 
. In explaining the discoveries made by M. Melloni in 
relation to radiant heat (Lecture XY.), we had-occasion 
to observe the difference between the action of glass and 
rock salt in their quality of transparency, and it was stated 
that the phenomenon is due to differences in the nature 
of the heat analogous to the different colors of light. As 
these modifications are found also in the Tithonic rays, and 
as neither these nor the rays of heat are visible to the eye, 
I have suggested the use of the term idecd or imaginary 
coloration, as expressing the facts we have now under 
GousideralioB. 

By the theory of ideal coloration we mean, that as 
there are modifications of light constituting the seven 
primitive colors, red, orange, yellow, green, blue, indigo, 
and violet, bo, too, there are similar modifications of toe 
other invisible principles of the spectrum, differing irom 
each other by the length of the waves which constitute 
them ; and also, that as natural bodies exhibit to out 
eyes a variety of colota, so, in the same manner, they are 
colored as respects these invisible principles, but the col< 
oration under these circumstances is different &vm their 
colorations for light. 

WhMu meant bvideolcolantioal Do nUnnl bodiei poaeu colnm 
Hon for dM other prmciplei of tin itmbesmu well MU^t) latheiml 
or Ibc lamo ia Ams cuei I 
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To make thia plain, let us take an illuBtrattoD : gloss 
is colorless and transparent to light, and allows any kind 
of ligbt-Tsy to traverse it with facility; but to heat, com- 
ing from sources of a low temperature, it is wholly opaque. 
And tins arises from the circomstance that the rays of heat 
which come from such a soorce are coonituted of short 
waves, and therefore Bear an analogy to violet li^it, 
while glass acts toward the beat as a ruddy or orange-col- 
ored medium. The reason, therefore, tl^ this heat of 
low temperature can not go through glass is because it is 
of a violet color, while the glass is red. But as the tem- 
perature rises, calorific rays of other dnts begin to be 
emitted, yellow and red successively, and these easily find 
passage trough the medium. 

To the i^ys of heat, rock salt is a white body, glaBa 
orange, and alum deep red. The color of these bodies 
for beat is not the same as their color for light ; aai ts 
the eye eon not detect the phenomenon direct^, we speak 
of it as imaginary or ideal coloration. 

Radiant beat andergoes polarization afler the mann^ 
of light ; the wave mechanism is the same in both cases. 

The Tithonic rays, also, exhibit all the phenomena due 
to imaginary coloration, and they may therefore be spoken 
of as violet, yellow, green, blue Tithonic rays. To them 
the various objects of nature have a peculiar coloration. 
The bromide m silver is yellowish-white as respects light, 
but black to these rajrs. 

As respects the fixed lines discovered in the luminous 
spectrum, as represented in Fig. 69, they also occur in 
too impressions lefl upon sensitive Bur&ces on which the 
spectrum is received, as was discovered by M. Bequerel 
and myself about the same time (1843). In this instance, 
however, they are far moire numerous, and occur in groups 
ef many hundreds beyond tfae visible limits of the violet 
ray. 

It has already been mentioned that there is associated 
with the light derived from shining sources an invisible 
principle, which causes the phoe^orescence of many 
bodies. Thus, if oyster-shells be calcined with sulphur 

Wliv does glaai chsnge iu truupnrenc}' fbr ndiaiit beU ? Whit if 
ein rijnr nf mrk lalr. aJnm, uti eIui lor belt t Csn ndiuit heat be »»• 
nkir of bnnnide of lilTsr f«r li^bt nyl and Ti- 
Cin ths fixed linei be obtained on uuntiTS 
la matancei of ptvMpboreKeDt bodies. , 
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and exposed to tbe eun, they ghine for a considerable dme 
after in the dark. Xor does it require that the time <^ 
exposure should be protracted ; the flash of an electric 
spaik ia sufficient. But, what is very remarkalde in this 
case, the rays which excite the phosphorescence can not 
pBM throuK^ a piece of colorless slass; to themit is'quite 
opaque. The experiments of Mr. Wibon show that a 
great number of bodies not commonly suppoeed to be 
phosphoreaceot are so in reality ; that for a. few moments 
after they have been exposed to the son, they emit a pboe- 
phorescent light. Thus, a sheet of writing p^>er, <m which 
a key had been laid, having been exposed Kir a few mo- 
menbi to tbe sun, on being suddenly removed to a dark 
room emitted a pale light, the shadow of the key being 
perfectly visible. Even the hand, after being dipped in 
the sunshine, emitted subsequently Ught enough to be 
visible in a dark place. 

The various principles of which we have been apeak- 
ing exert no ordinary control over the phenomena of tbe 
sabiral world. Thus it is to the influence of light that 
the vegetable world owes its existence ; for plants can 
only obtain carbon &om the air whUe the sun is shining 
on them, and it is of that carbon that their solid structuree 
are chiefly formed. It has been a question to which prin- 
ciple this efiect is due ; but, in 1843, I proved that it is 
the yellow light which is involved. Dr. Priesdey discov- 
ered that the leaves of plants will efiect the decomposi- 
tioa of carbonic acid gas under water ; and on immersing 
tubes filled with water holding this gas in solution, and 
containing a few green leaves, I found that at the blue 
extremity of the spectrum no effect whatever took place, 
while decomposition went on rapidly in the yellow ray- 
It is light, in contradistincCioQ to other principles, which ia 
die agent producing this result, and of its colored modifi- 
cations the yellow ray is the most active. 

As connected vrith the minute changes ef snriace which 
ore effected when the different radiant principles fall up<Ki 
bodies, as in the instance of the Daguerreotype, we may 
here allude to the formation of tpectral impreitiim*, which, 
though invisible, may be brought out by proper processes. 

Wliatii As relation of U^ Id the Tagetablamrld? What oolor fbrma 
flie uAfB ray? What nu Dr. Prietttey'* disoa*eiyT What U meant 
by ipeotnl impreauMia t 
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Cue of these I described several years ago. Take a pieM 
of polished metal, glass, or japanned tin, the temperaturs 
of which is low, and having laid upon it a wafer, coin, or 
any other such object, breathe upon the surface ; allow 
the breath entirely to disappear ; then toss the object off 
the surface and examine it minutely ; no trace of any 
thing is visible, yet a spectral impresaion exists cm that 
surface, which may be evoked by breathing upon it. A 
form resembling the object at once appears, and, what ia 
very rempfkable, it may be called ffirth many times in 
Buccescion, and even at the end of many mondis. Other 
instances of the kind have subsequently been described 
by M. Moaer. 



LECTUKE XXIV. 

Elkctricitt. — First Obiernatioiit i» Electricity.— Df 
seription of Electrical Mac&ines. — 7%e Spark s Tat of 
Electrical Excitement. — Rymltum of Electrified Bodiet, 
■'-'Simple Means of Excitement. — Voaductort and Ntm- 
conducUfrt. — Intidatiim. — Electric Effects take place 
through Glass. — Medicated T^tbea.- 

It was observed, six hundred years before Christ, that 
& piece of amber, vrhen rubbed, acquired the quality ot 
attracting light bodies. This fact remained without value 
for more than two thousand years, a striking memorial of 
the barren nature of the philosophy of those times. With- 
in the last two hundred years it has ^ven birth to an en- 
tire group of sciences, and established the existence of a 
great imponderable principle, which, from the Greek 
word iikeKTpov, signifying amber, has taken the name 
Electric IT If . 

The catalogue of substaucee in whioh electric develop- 
ment can be produced Wtis greatly increased, hy Gilbert, 
who showed that glass, resin, wax, and many other bodies, 
are equally effective as amber. To his successoFS we owe 
the electrical machine, an instrument which enables ns 
readily to demonstrate the properties of electricity. 

Qive an esunple. 'Wbit was the fint obaervitian mida in alecllid^ t 
From whMdoeittiB»«oMdMiT«itiii«mel 
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Fig- II- Electrical machinee are of dif- 

ferent kinds. They may, how- 
ever, be divided into plate and 
cylinder machines. These instru- 
ments are reapecdvely represent- 
aed in Fig. 71 and Fig. 72. In 
^ each of them there are three dis- 
tinct portions. First, a piece of 
glass, the shape of which differs 
in d^erent cases ; hi Fig. 71 it 
is a circular plate, in Fig. 73 a 
cylinder ; and from these the in- 
struments takfe their name. Sec- 
ond, the rttbbers, made of silk or leather, stutfed with 
hair : the office of these is 
^^' to press lightly on the glass 

^as It turns round, and pro- 
"duce friction. Third, a 
brass body, of a cylindri- 
cal or rounded shape, but 
with points on that portion 
; of it which looks toward 
' the glass. Jt is support- 
ed on glass props, and is 
termed the prime conduct- 
or. Some mechanism, such as a winch, is required to 
turn the glass on its axis ; and when it is desired to bring 
the machine into activity, all the parts of it haying been 
made thoroughly clean and dry by rubbing with a piece 
of warm silk or flannel, a little Mosaic gold or amal^m 
of zinc being spread on the rubber, as soon as die winch 
is turned the instrument becomes excited. 

One of the most striking manifestations of electrical 
development is the spark ; this, which most have been 
ofien seen when the back of the domestic cat is rubbed on 
a frosty night, was first discovered in the case of glass or 
sulphur, by^Otto Guericke, and by him referred to its 

E roper source, electric excitement. On presenting a bras* 
all or the finger to the prime conductor of the machine, 
the spark passes, attended with a slight report. It tnay be 



What Tuietiea oT electrical machiuea have we 1 "What are tf>e three 
' para ti( Iheee machinea T What ia the r " 
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verj beaut!&ily diown bypsstiag ^fg- 't- 

imallpieces trfdn^iit round a glass J^ ^ h , i^ ^ . j^i^ 

tabs m a apir&l form, as shown in -i "•''Y "^^^^m 
Fig. 73, ahc, distances of the twentieth of an inch inter- 
Tening between each piece, and the ends of the tube ter- 
mmated by balls. On presentkig one of these balls toth* 
prime conductor, and holding ihe other in the hand, w 
the spark paBses, it bas to leap oyer each' interstice be- 
tween the spangles of tin foif, and exhibits a beantifiil. 
spiral line of lisht. 

By pasting £e tin foil on a pane of glass in soeh a 
way as to direct the spark ^^ J^_ 

prt^rly, words may be wntten ^ 
IB electric light, as shown in M 
Fig. 74. ■ 

As die electric spark can 
scarcely be confounded with any other physical pfaeooiD- 
en<Hi whaterer, its presence is always indubitable eri- 
dence of electric excitemeuL Thus, we can prore that 
electricity may be' transferred to the human i 
the machine, by placing a man on a 
etool supported by glass pillars. Fig. 
75. Ifhetoudtea the prime conductor c 
with one band, sparka may be drawn i 
from any pwt of bis clothing or body. | 

To Otto Guericke, who was also the 
iuTentor of the air pump, we owe another of the most im- 
pcntant diacoveriea m electricity : that bodies 
irtnch hsTB touched an excited substance are 
subseqnently.repelled by it ; ihna, if we rub 
a I^UB tube. Fig. 76, a, until it becomes elec- 
bified, and then present it to a feather, &, 
ng,rr. sospended by a silk thread to a 
stand, o, the feather is at first at- 
tracted, and then immediately re- 
pelled. — 

On this principle, that under cettam circum- ' 
Btasces repuleioo takes place, are founded dif 
ferent meUiods for asoertuning the existence 

How may the electric wptA be eihibited I Wb; may it be need w a 
l«it br dectflc excdtementl Cao elecliicity be traoifeiTed from tlw 
Biachiite to the body t What diacorer; did Otto Qnencke Buk* in •!«)• 
tricityt How m».y tfni pmi " ■■-■--'--■"-- - •- 
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]00 CONDVCTOKB AND KON-CONDDCTORa. 

oT electric excitement, wbeo too feeble to cansa & aparfc. 
ThnB, two light balls of cork. Fig. 77 (p. 99), a b, biu- 
pended by linen threads ao aa to bang side by side, aa 
soon as they are electrified repel each other. 

It does not, howeter, require aa electrical macfaine to 
demonstrate tiie principles of this agent Apiece of stout 
brown paper three incaes -wide, ahd a foot long, if faeM 
before the fire until it is quite dry and smokes, and then 
drawn between the knea and the sleeve, becomes bi^ly 
excited, especially if the person wears woollen clothing. 
It will yield aparics more than an inch long. 

Let a, FHg. 78, be the terminadnn of the prime conduct- 
Fig. TS. or, and in a hole in it place the long 

■ M* _ ^ e brass rod b, terminated by the brass 

wt^"^ ' ballc. If lie finger is approached to 

iBa ball, sparks freely pass, showing that along brass elec- 
trici^ is conducted ; but if a gkss rod of the same diam- 
eter and length, and terminated by a brass ball, be em- 
ployed, not a solitary spark can be obtained, proving that 
glass is a non-conductor of electricity. 

The important &ct that substances may be divided into 
two claeaes, conductors and non-conductors, was first ac- 
cidentally discovered by Dr. Grey, who ftnind that all 
metals and moist bodies are conductors, and that glass, 
Asins, wax, sulphur, atmospheric air, are non-conductors. 
In the treatises on chemistry, tables may be found exhibit- 
ing the relations of bodies in this r^pect. The conduct- 
ing power of the same subst^ce difiera with circumstan- 
ces i thus, ice aod glass are non-eonductocs, but water and 
melted glass are conductors. 

We see, from these facts, the explanation of the struc- 
ture of the prime conductor; the electricity derived from 
the glass by friction passes easily along the brass portion, 
but can not escape into the e&rth, owing to tbe glass sup- 
ports, which refuse it a passage. When a body is thus 
placed upon glass, it is said to be electrically insulated, 
and the process is called insulation. 

Although electricity can not pass through glass. Sir 
Isaac NewtoQ found that this substance is no impediment 

By what limpla meuu may eleotnpil experiDMBto bs mada 1 
may it be proved Hat bnu u > conduolDr and glui a iion^oiid' 
Httitioii aoma ottiw laadin; Cdbatancei belonging to eadi dTAsh 
' ! B «p ta iB &n Mnctnre of the prinu coDdncMr. Cm electric inl 
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to tbe ezeitioii of its influcpces. THtu, 
in Fig. 79, if a be the brass ball of the 
prime conductor, any light objects, such 
as bits of paper or fragmests of cork, 
placed on a metal stand, b, beneath win 
be attracted ; and though a pane of 
glass, e, be placed between a and b, still 
2ie same phenomenon takes place. 

Soon after electricity became a eabject of popular at- 
tention, it was cunentlT believed, that if medicines of va- 
rious kinds were sealed up in glass tubes, and the tnbes 
electrically excited, their peculiar virtues would be eshal- 
ed in anch a manner as to impress the operator with their 
specific purgative, emetic, or other powers. Like many 
(» the popular delusions of our times, this imposture was 
snppotted by the most cogent evidence, and maladies cui^ 
ea publicly all over Europe. Like them, these " medica- 
'tied tubes" have served to prove the worthlesaness of hu- 
man testimcoiy when derived from the prejudiced and 
igncMvnt. 



LECTURE XXV. 
Theokt of Electricai. InniJCTioN.— IW Speeiet of 
Electricity. — Their Namei. — General Law <^ Attraction 
and ReptUnon.-^~Tkeory ^Induction. — Pmnanent Ex- 
citeTnent by ItducCim. — J^ikei place through Glatt^^- 
Illustrative Eicpmmetftt, 

A VERY celebrated French electrician, Dufay, having 
cansed a light, downy feather to be repelled by ui excit- 
ed glass ti^ie, intended to amuse himself by chasing it 
round the room with a piece of excited sealing-wax. To 
his surprise, instead of being repelled, the feather was at 
once attracted. On examimng the cause of this more mi- 
nutely, he arrived at the conclusion that there are twR 
species of electricity, the one ori^nating when glass is 
excited, and the other fiom resin or wax. To these be 
gave the names of vitreous and resinous electricity, thus 

Wbat WM fcrmeily niBuit by medioMd tabei 1 How wu it flnt dih 
eorered OiU Qtere are two ipecUa of eltclriciQ' ? WbM nuDM hava 
baen {ivonto tliMa el«ettkiciM t 
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102 SLECTUOAL IRDUCTIOH. 

pointing out their origin ; dtey are also called, ibr muoni 
which will be given hereafter, poBidve and negative elec- 
tricitieB. 

He found that these difierent electricities pOHew the 
■ame general physical qualities ; they are self-repulstve, 
bnt the one ia attractive oftfae other. This ia readily 
proved by hanging & feather by a linen thread to the prime 
conductor of the machine, and, when it is excited, bnnging 
near to it an excited glass tube. The feather is already 
vitreously electrified, and the tube, being in the same con- 
dition, at once repels it ; but a stick t^ excited sealuig- 
wax being resinously electrified, that is to -say, in the 
mtposita cMidition to the feather, at once attracts it. 
Two cork bslla, as in Fig. 77, suspended by conductintt 
threads, always repel one another when both are excited 
either vitreonsly or reainouejy ; but if otto be vitreoos and 
the other resinous, they attract. 

These various results may all be grouped under the 
following general law, which includes me explanation of a 
great many electrical phenomena. Bodies electrified diS- 
aimilarly attract, and bodies electrified similarly repel ; or, 
more briefly, like electricides repel, and unlike ones attract. 

There are many ways in i^ich electrical excitement 
can be developed : in the common machine it is by fric- 
tion; in the tourmaline, acrystallizcd gem, by heat; and is 
other cases by chemical action and by conduction. Elec- 
trical diaturtence also very oflen arises from induction. 

By the term dectriced inductiim we mean that a body 
which is already excited tends to disturb the condition of 
others in its neighborhood, inducing in them an electric 
etmdition. 



f\ f\ °^ ^"^ there be placed a sec- 

1 ' *\h c\ ondary conductor, J c, of brass 

^ ^^^H^^^^i^ supported on a glass stand, and 
St each extremity, h and c, o{ 
the conductor, let there be ar- 
ruiged a pair of cork balls 

m Aeir phjiicil ^uKtiei T How may thii HlfreiHiliion ud 
Uradicn be prored T W|i«t ia tlie nneni law of eleotiio attmo. 
mnlaiou T lo v^ttt w^a m^ electric excitameiiti be daT«l- 
^Bat ia the meaniiig of electric indBiititail Gits an iUaabatioih 
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nupenJed by Hnen thread, as shown in tlie figura. Aa 
Boon as the ball, a, ia electrified by turning the machine, 
and without any spark passing from it to the eecondaij 
conductor, the balls will begin to diverge, showing that 
die condition of that conductor is disturbed by thb nmgfa- 
borfaood of the excited ball, a. 

It will farther be found, on presentinir an excited piece 
of sealing wax to the pairs fft cork baQg, that one set in 
attracted, and the other repelled. They are, therefore, in ' 
opposite electrical states. The disturbing ball is vitre- 
ously electriiied, and thu end of the sdcondary conductor 
nearest it is resinous, the iarther end being Tttreoua. If 
the disturt)ing ball, a, be now romored, the electric dis- 
turbance ceases, and the corks no longer diverge. 

These phenomena of electric induction are not depend- 
ent on the shape of bodies. Let there be 
' two flat circular plates, a b, Fig. 81, sup- 
ported on glass stands, and set a few incliea 
apart, lookmg face to face. Let one of them, 
a, be electrified positively by contact with 
the prime conductor, as indicated by the 
sign + ; it immediately induces a change 
in the opposite plate, the nearest face of 
which becomes neffative — , and the more distant, positive. 
It is evident that rais disturbance is a consequence of the 
law, that "like electricitiea repel, and unlike ones attract," 
In liie plate i, both species of electricity exist, and a be- 
ing made positive, even thoueh at a distance, exerts its 
attractive uid r^ulaive agencies on the electric fluid (^ 
i, the negative electricity of which it attracts, and draws 
near to it; the positive it repels and drives to the farthest 
side ; so ihax the disturbed condition of the body £ is a 
result of the fact, that a being electrified positively, will 
repel positive eleclrici^ and attract negative. 

Now let the plate h be touched by the finger, or a 
channel of communication opened with the earth ; the 
posidve electricity of a still exetting its repulsive agency 
on that of b, will drive it into the ground, and b will now 
become negative all over. 

Let & be once more insulated, by breaking 

Id ■.■eCDndaryam^acUrdiftiiibedbruelBctrifladbod;, what* 
aondittcmi of in endi T What )■ the c»iUB of thii dutOTtaftcw 1 
mij w» by Mnction pemumentlj electrify a body t 
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tiication with the ground, antl let a be removed; if will 
now be found that b is permanently electrified, and in the 
opposite condition to a. 

By manipulatbg in' this manner, we can, therefore, ef- 
Fif. 89P feet a permanent disturbance in tbe condidon 

9 of an insulated body, by bringing an excited one 
in its neighborhood. . 
In these changes, the intervention of a piece 
of gla^ makes no difference. Let a circular 
plate of gla^, a. Fig. 82, be set ao.as to inter 
vene between the metallic plates, a and b, and 
still all the phenomena occur as before. Elec- 
tric induction, therefore, can take place throueh glass, 
j^ g^ On the principles of induction, and of electric 
attraction and repubion, many very interesting 
experiments maybe expluned. Thefollowing 
may serve as examples : To the ball of the prime 
conductor, Fig. 83, let there be suspended a oir- 
^ cular plate of "brass, a, eix inches in diameter, 
horizontally, and beneath it another plate, &, 
supported on a conducting foot, parallel and at a 
. distance of three or four inches. On the lower 
plate, b, place aJipa of paper or of other light 
Bubstance, cut into the figure of men or animals. On set- 
ting the machine in motion, eo as to electrify the upper 
plate, the objecta move up and down with a dancing mo- 
tion; and the cause is obvious: the plate a being posi- ' 
tivc, repels by induction the positive electricity of the' 
figures through the conductmg stand into the earth, and 
thue, they bemg rendered negative, ore attracted by the 
tq>per plate ; on touching it, they become electrified posi- 
tively uke it, and then are repelled, and fall down to dis- 
Kg.s*. charge their electricity into the grmmd, 

rtlH^ and this motion is continually repeated. ' 

^^^^^ Upon a horizontal brass bar, a b. Fig. 
^ ' 84, three bells are suspended, the outer 
ones at a and b by chains, the middle 
e ^ one at c by a ailk thread. Between tbe 



bell^ thq metallic clappers, d e, are sus- 
pended by silk, and from the center bell 



Can electrical indDctioii tak* place [hraiigh glau I Dencribe the ei- 
MrimaDt cf the dancing fi^^uru, ubd explain tbe priaciple* inTQlvad in it. 
DaaoribeOw experimeiit of Ibe beUj, and Ibe caaa« of their riogii^. 
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^ chain f extends to' the table. On banging the ar- 
imgement by tbs book at ^ to the prime conductor, the 
bells ring ; the clappers moving' from the outer to the emi' 
tral bell and back, aitematei; striking thom. . 
" Chi a pivot, a, Fig:%5, anspend a bell jar having four 
piec« of tin foil pasted on its ^. „ 

Bidee, bed; connect the jar, by 
means of the insulated wire jr, vriUi 
tbe prime conductor, so that the 
pieces of tin foil may receive 
sparks. On the oppnsite side ar- 
range a conductor, x, in connection 
with tbe ground by a chain. On , 
putting tbe machine into activity, 
theiar will coramcnce rotating on its pivot. 

Take a cake of sealing wax or gum lac, eirht or ten 
inches in diameter, and receive on its surface a lew sparics 
iroai tbe prime conductor by bringing it near tbe ball. 
Then blow upon its surface from a Bmail pair of bellows, 
a mixture of floweis of sulphur and red-lead, which hare 
been intimately ground tosetber in a mort^. This mix- 
tare is of an orange color, but tbe moment it impinges oiu 
die cake it is, as it were, decomposed ; the yellow sulphur 
settling on oae portion, and the red-led on another, giv- 
ing rise to very curious and fantastical figures. 



LECTURE XKVI. 

Laws of the Distbibution of Electricity, and tri 
General Tbeoribs. — Dutribution' of EUclrieity. — 0» 
a SpAere. — EUiptoid. — Action of Point*. — ^oMklin't 
Ditcavery of the Idenlilf of Electricity and Ziightniitg. 
— The Leydm Jar.— The dUcharging Bod.— TAe EUe- 
iric Battery, 

When electricity is communicated to a conducting body, 
it does not distribute itself uniformly through tbe whole 
mass, but exclusively upon the surface ; thus, if to the 

EzpUin Ifaa amngement md crumb irf movement of die nlitory in. . 
Bow hli^powdOT of .Dlphnr .nd r--" '-■* "■"■* •"-- 1.-- >" ^-.-.-^ » 
Bom eleotnsi^ dlitribaM ilMlf oi 
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Fig. St. Bplerical ball a. Fig. 86, supported 

^ «■ ^ on an insulating foot, i, diere be 

^^^ ^^^ n^i adjusted two hemUphericsl caps, 

^^^y ^^ yp* c c, also on insulating handlea, it 

■' may be proved that any electricity 

communicated to a distributes ilWt 

entirely on its surface ; for if we 

J dace upon a the caps c c, and then remove them, it vrill be 
ou^d that every trace of electricity has diaappeared &om 
a, and bas accumulated on the caps, whicn, while tbey 
were apou the ball, formed its superficies. 
j^ jj_ Again, if we take a large brass ball, a. Fig- 87, 
I eupported on an insulating stand, and having on 
^m^ its upper portion an aperture, b, through which 
t j <t we may have access to its interior, it wiltbe found, 
^p on examination, that die most delicate etectrom- 
H eters can discover no electricity within the ball, 
It the whole of it being on the external superficies. 
J[ In the case of a spherical body, not only is the 

distribution entirely superficial, but it is also uni- 
form ; each pojtion of the sphere is electrified alike. But 
where, instead of a spherical, we have an ellipaoidal body, 
it is different ; thus, if we examine the condition of su^ 
ffg_tB. ^ conductor. Figure S8, the quantity 

<« of electricitf in its middle portion, 

. ^ ^"^^ aa at a, will be the smallest, and 

^^^^ "^^^F '' increases as we advance toward 
^^* i^^^ '^^ ends, b and c; and in difierent 
ellipsoids, as the length becomes 

Cter, BO the amount of electricity 
d on the extremities is greater. 
•— ^ When, therefore, a conductor of an 

oblong spheroidal shape is used, the intensity of the elec- 
tricity at the extremities of the two axes, a d and i c, Fig. 
88, is exactly in the proportion of the length of those axes 
themselves ; and should the disproportion in length and 
breadth of the conducting body be very great, aa in the 
case of a long wire or other pointed ooSy, a very great 
concentration will take place npon the points. On this 

How tnmy iti Bopeificial diitrlbation bn prored T In tiia iAterkir of u 
alectrifled boUov bull, doei aitj slartrldty eiiit ? On ■ ipherinkl body, 
liliia dinribatiniittiffonnt Hiyw i« It oa an sUipnM 1 When the dii- 
proportlai of the (xM of Hie elHpwid li greali whitl) ttw.diKribatloiil 
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irinciple we explain the effect of pointed bodies on cod- 

iuctors 1 if the prime condnctor of the machine have & 
needle or pin fixed upon it, the electricity escikpes away 
into the air, visibly in a dark room ; and in the same way, 
if pointed bodies serround the electrical machine, it can 
not be highly excited, as they rapidly take che-charge frmn 
its conductor. 

At a very early period electriciana had observed the 
close similarity between die phenomena of the electric 
spark and tbose of lightning, but in the year 17SS Dr. 
franklin proved that they were identicaL He was waiting 
for the erection of the spire of a church in Philadelphia, on 
the extremity of which he intended to raise a pointed metal 
rod, with a view of withdrawing die electricity from the 
clouds, when the accidental sight of a boy's kite suggested 
to him that ready means of obtaining access to the more 
elevated regions of the air. Accordingly, having stretched 
a silk handkerchief over a light wooden cross, and ar- 
ranged it as a kite, he aUached to it a hempen string ter- 
minating in a silk cord, and, taking advantage of a thunTHfT*' 
storm, raised it in the air ; for a time no result was ob- 
tained, but the string becoming wet by the rain, and there- 
by rendered a better conductor, he perceived the filaments 
which hung upon it repelling one another, and ou present- "^ 
ing his knuckle to a key which had been tied to the end 
of the hempen string, received an electric spark. The 
identity of hghtning«nd electricity was proved. 

Franklin soon made a usetiil application of his discov- 
ery; he proposed to protect buildings from the effects of 
lightning by furnishing them with a metallic rod, pointed 
at its upper extremity and projecting some feet above the 
highest part of the building, and continuously extending; 
downward, until it was deeply buried in the ground. This 
contrivance, the lightning rod, is now, as is well knovra, 
extensively applied. 

There are two theories respecting the nature of elec- 
tricity : Iflt, Franklin's theory, which assumes that there 
is bm one fluid ; 2d, the theory of two fluids, called also 
Dufay's dieory. 

How m» w« explaia the affect of pctnted bodieat VndarwhU dr- 
enuMnora wu ttw dkcorecr of die identity of ti^itntw ud sbntrioi^ 
nada? Whit U tbeligfatiiiag rod t Wlut ^teorie* oT elecliipity hiva 
been tdtrodncedl 
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Franklin's theoiy is, that ibere exists throughout all 

3>ace a subtle and exceediugly elastic fluid, called the 
ectric fluid, the peculiarity of which ia, that it is repuls- 
ive of its own particles, but attractive of the particles of 
other matter; that there is a specific quantity of this 
fluid which bodies are disposed to assume when in a nat- 
ural condition or state of equilibrium; and that, if we com- 
municate to them more than their natural quantity, they 
becoiqe' positively electrified ; or, if we talce from a portion 
of that which is natural to them, thej become negatively 
electrified. 

Dnfaj's theory is, that there exists throughout all space 
a universal roedium, calio'd the electric fluid, of which 
the immediate properties are unknown, but which is com- 
posed of two species or varieties of electricity, the vitreous 
and resinous, called also the positive and negative ; that, 
as respects iteelf, each of these electricities la repulsive, 
biit attractive of the other kind ; and that, when they co- 
exist in equal quantilies in a body, it is in a neutral state 
or condition of equilibrium, but if the positive or negative 
electricities are in excess, it is accordingly positively or 
negatively electrified. 

In some respects the theory of two electricities has od- 
vantages over that of one; by it several phenomena can be 
explained which are difficult of explanation by the other, 
Antong such may be mentioned the repulsion of negatively 
electrified bodies, and the distribution of negative elec- 
tricity on the surface of conductors, which is the same as 
that of positive. 

On the principles of either of these theories we can 
Bee how it is that we can never produce one kind of elec* 
tricity without the other simultaneously appearing. In 
the common electrical machine, if the revolving glass is 
powtively electrified, the rubbers which produce the fric- 
tion are negative ; in the tourmaline, if^ one end of the 
crystal, when warmed, becomes positive, the other end is 
negative. The two varieties must be always co-ordinately 
generated. 

In 1745 the Leyden jar was discovered. This consists 
of a glass jar. Fig. 89, coated on its inside with a pisce 

Wb*t i< Fnmkliii'i tiieciryl WliK in tbs tlieot7 of DnftfT In nhM 
pmnM doe) tite latter appear to be mora cofrect than the faimar ? Wbjr 
■ra balii dectridciel uwmjra prodDced togMfan' T 
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of tin foil wUhin an inch or two of its upper "*■ ■* 
edge, and also on its outside to the same point; 
through the cork which closes the mouth of 
&e jar, a brass rod, terminated by a ball, 
passes ; tiie rod reaches down to the inside 
coating and touches it. On holding this in- 
strument by the exterior coating, and pre- 
senting its ball to the prime conductor, a tor- 
rent (^ sparks passes into the jar; and when | 
it B fully charged, if, still retaining one hand ^ 
in contact with the outside', we touch the hall, a bright 
spark passes, with a loud snappisg noise, and the operator 
receives through his arms and breast what is called the 
elactric shock. 

If we take the dischai^ngrod. Fig. 90, consisting j^^ gg. 
of two brass arms, a a, terminated by halla workii^ 
on ajoint.&.andsupported by an insulating handle, ■ 
c, by bringing one of its balls in contact with the < 
outside coating of a Loyden jar, and its other ball 
with the ball of the jar, the discharge will take placi 
as before, but the operator, protected by the glas 
handle, receives no shock. 

If between the outside coating of a jar and one of 
the balls of the discharging rod, a piece of card- 
board is made to intervene, and the spark passed, 
the card will be found to be perforated, a burr being raised 
on both sides of it, as though two threads had been drawn 
through the hole in opposite di- fig. n. 

rections at the same time; and \ 
from this an argument in favor 
of the theory of two fluids has 
been drawn. 

When a great number of jars 
are connected together, so that 
all their inside coatings unite, 
and all their outside coatings are 
also in contact, they constitute 
what is termed an electric bat- 
tery, as seen in i^, 91. By this 

Demibfl the Btmctnn oT din Levdeu itx. How may it be nied T 
Describe the duchargine rod. HowuitnsBd' 'What i» the efectwhen 
tha dischBi^ ii pa»ed tbnngb > piece of cRrd-bovd I Driciibe the eleo- 
tricbatterj. 



;,Googlc 



CONDENSING ACTION. 



instrument many of the more violent effects of electricitj 
may be illustrated, Buch as the splitting of pieces of wood 
and the ignition and diBponion of metallic wires. 



LECTUHE XXVII. 
Elkctbic^l iNBTROiuNTa and Faxasat's Thbokt of 
Electuc Folakization. — Theory of tT>» heydxatJar. 
— Quadrant, Gold-leaf, and Tm-iitm Elettrometert^-^ 
T^ory of Electric Poiarizatim. — Speafie htduetive 
Capacity. 

The office which ia ilischarged by the metallic coatings 
Tjg. «j. of a Leyden jar is. illustrated by the apparatus. 



«Fig. 92. It conabla of a conical £ 
the interior and exterior of which movable coat- 
ings of thick tin plate are adapted, the interior 
one having a rod and hall prajecting from it. 
This may be charged like any other Leyden vial, 
but on taking off its outside coating and remOT' 
ing its interior, they may be handled ' and 
brought in contact with each other, and no spark 
passes ; but on cestoring them to their former position, 
and applying the discharging rod, the jar is discharged. 
They therefore only serve to make a complete conducting 
communication between all parts on the interior and aU 
on the exterior of the jar. 

The condensing action of the Leyden vial, which ena- 
bles it to hold so large a quantity of electricity, is due to 
induction. When the inner coating is brought in contact 
with the primd conductor, it participates in its electrical 
condition. We may therefore suppose it to be positively 
electrified. The positive electricity of the interior, de- 
composing the electric fluid of the outside coating, repels 
its positive electricity into the earth ; for to ^arge a Ley- 
den vial the outside coating is placed !n communication 
with the ground. Ittherefore appears that the inner coat- 
ing is positive, the outer negative, and the whole jar, view- 

What ii^ oSce of the CMtingi of die Leyden Jul Howmtjrflili 
be proved 7 To wh&t cHoie !■ the oradmiitift bctioD of the Lejdni Jtr 
deaT Wh*tiii dw actjoaof diepoiiUveelactifcl^depefiledoD thainaer 
mating, on ti>a electclo flnid of Ilie cntw T 
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«d togsdier, 18 in the neutral condidmi. The interior 
coating cooiinaeB, under these circunutances, Co receive « 
jarther charge from the prime conductor by inductimi 
through the glass ; this again repels more c^ the Bame 
kind, the positiye, into the grovknd, and the negative acci»- 
ninlates as before. In this manner an indefimte quantity 
miriit be accumulated, -were it not for the &ct that, owing 
to Uie distance which intervenes between the two coatings, 
by reason of the thickness of the glass, the quantity of 
positive electricity in the interior is never precisely neu- 
tralized by the quantity of negative on the exterior, tar 
all inductive actions enfeeble as the distance increase*. 

The action of the Leyden viol may be illastrated by the 
following experiments : within an m». b^ 

inch of ^ ball, a, of the piime con- 
ductor, Fig. 93, bring a secondary " 
conductor, b, supported on an insu- 
lating stem, c, and on putting the 
electrical machine in activity, two 
or three sparks will pass from a to 
ft, but after that no more. The cause of the refusal, c 
part of the secondary conductor, to receive any &Tther 
charge is obvioiisly due to the fact that the electricity 
which is already coromunicated to it repels that upon tfae 
ball, tt, Euid prevents the passage of any more. 

If now we take a Leyden jar, b. Fig. 94, and having 
insulated it on a stand, bring it widiin a ^ ^ 

ahoit distance of the ball, a, of the prime 
conductor, it in the same manner will * 
only receive a few sparks. But if we 
place a conductor, c, which is connected 
with the ground, near to the outside coat- 
ing, it wUl be found that for every spark 
that passes between a and b one passes 
betireen the outside coating and c, and 
the sparks follow each other in rapid suc- 
cession, until the jar becomes flilly cbtu^ed. From this, 
therefore, we gather, that while positive electricity is 

Wbynniit tba ODteTCoUingbaiuoiniiMctkDwididia gnnndT Wfafii 
llwchvgeof tfaajulusitedl What ii the reuon tbM BHcondtirinm. 
lated rantdnctor reliiM* W rePBivB more thin two or threo i^irkil Whoi 
tiw Lsfden Jar ia iumlUed, «d it be chareed T On bringmg a coDdnct- 
or in coDiiMtim with Ae gitKiad, near toe ooter coatiiif, vhU ia Um 
ranld 
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112 ELECTBOHETEU. 

p&ssinj into the interior of the jar, it is escaping front the 

exterior, and that the reason the jar condeuseB la because 
its sides are in opposite conditions, the positive electrici- 
ty of the interior heing nearly neutralized by the nega- 
tive electricity of the exterior. 
Ffg^a. Electrometers -are inBtinimenta for measuring 
the intensity of electric excitement. The coi^ 
balls, which were represented in Fig. 77, are one 
of the most simple of these contrivances. The 
distance to which they will diverge is a rough 
■measure of the intensity of the electric force. 
The quadi:ant electrometer depends essentially 
on the same principles. It consists of an up' 
.right stem of wood, JFig. 95, to which ia afiixed 
a semicircular piece of ivory, from the center 
' of which there hangs a light cork ball playing 
upon a pivot When this instrument is placed on the 
prime conductor or other electrified body, the stem par- 
ticipates in the electricity^, and repelling the cork hall 
which hangs in contact with it, the amount of repulsion 
may be read off on the graduated semicircle ; bnt it is 
obvious that the number of degrees is not expressive of 
the true electrical intensity, and that no force, no matter 
what its intensity may be, can ever I'epel the ha,U beyond 
ninety degrees. 

The gold-leaf electrometer. Fig. 96, 
consists of a glass cylinder, a, in which 
two gold leiives are suspended from a 
conducting rod terminated by a ball or 
plate b. On the glass opposite the leaves 
pieces of tin foil are pasted, so that when 
the leaves diverge fully they may db- 
I charge their electricity into the ground. 

discovering the presence of electricity, but the torsion 
electrometer of Coulomb is to be preferred when it is re- 
quired to have exact measures of the quantity. 

Coulomb's electrometer consists of a glass cylinder, a. 
Fig. 97, upon the top irf which there is fixed a tube, h, 
in the axis of which hangs a glass- thread, b a, to the 

Deioribe Hie oork trail electrDmeteE. Deieribe din qoadnnt electronut' 
ter. Why doei the qaadnuit elsctmrneter give imecunts indtcUioat T ~ 
Mribattugdd-leBfcloctronutar. Daicriba Coolomb'i tonion •! ' 
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lower end of wbich a small bar of gum lac, c, with m 
gilt pith ball at each extremity, is fasten- 
ed. Througb an apeiture in the top of 
the glass cjlioder, another gum lac rod, 
d, with gilt balls, may be introduced. 
This goes under the name of the canier 

I^ now, the lower ball of the carrier 
rod be charged with the electricity to .he 
measured, and introduced into the inte- 
rior of the cylinder, as eeeu in the figure, 
it will repel the movable ball. By taking 
hold of'Uie button b, to which the upper 
end of the glass thread, a, is attached, 
we may, by twisting the glass thread for- j 
mhly, bring the carrier ball and the mo 
ble ball in contact. The number of degrees' through which 
the thread requireti to be twisted represents the amount of 
electricity. To the button, h, au index and scale are attach-r 
ed, not shown in the figure. By this we can tell the num- 
ber of degrees of twist or torsion which have been given 
to the thread. These angles of torsion are exactly pro- 
portional to the quantities of electricity. 
. Many of the fundamental phenomena of electricity have 
l>eeti explained by t>r. Faraday upon the hypothesis that 
induction is an action of polarization, taking place in the 
contiguous molecules of non-conducting media, and prop* 
agated in curved lines. 

Whatever may be the form or constituHon of bodies, 
an electric charge can not be given to them without at 
the same time giving a charge of the opposite kind, hot 
of the same amount, to them or other bodies in their vicini- 
W. This charge is not confined upon their surfaces by 
the pressure of tbe atmosphere, but through the polariza- 
tion of the aerial or solid particles of the surrounding 
dielectrics, producing in them a charge of the some 
amoont, but of an opposite kind. Thus, if a positively 
electrified ball be placed in the center of a hollow metal- 
lic sphere, the intervening space being filled with atmos- 
pheric ur, the charge is not retained upon the ball by the 

Wlat ii tbfl buii of Fu-adky'i theory of ioductum 1 On Aia theorj, 
■re cttarOM confined by preunre of (he sir ? Daicribe tbe ictioa of aa 
■lecQlG^ lull in flie interior of Kipbere. 
K8 
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piMSure of die air, but becauee «acb aerial particle as- 
Biimea by induction a polarity of the opposite kind cm the 
'side nearest to the ball, and of tbe same kind on the side 
farthest off. This state of force ia therefore communicaF 
ted to the interior of the hollow sphere, which is electrified 
to the same aniount, but of an opposite kind to the baU. 

That this polarization of the particles lakee place, is 
shown by the position which small silk fibres or spuigles 
of Kold assume when placed in oil of turpentine, through 
which induction is established. Each particle disturbs 
not merely that which is before it or behind it, but it is in 
an active relation with all surrounding it, and hence the 
polarity can be propagated in curved lines, and induction 
take place round comers and behind obstacles. 

On these jninciptes, we can easily account for the dis- 
tributioQ of electnciiy on spherical or ellipsoidal conduct- 
ors, the repulsion of bodies similarly electrified, the con- 
densing action of the Leyden vial, and many other similar 
phenomena. 

By a variety of experiments, Dr. Faraday has prored 
that iodoctive action takes place in curved lines, the di- 
rections of which can be varied by the approach of bodieui. 
He has also shown that the particles of solids, as gum lac, 

Slass, &C., assume this charaCtBr of polarity. Non-con- 
ucting bodies, through which the action of induction 
Fig. H. takes place, are called dieUetriei, and each 
a t (. of them has a specific inductive capacity. 
I I — I Thus, if three metallic plates, a b e, Fig. 
V i In dS, be insulated parallel to each other, at- 
11 I IT mospheric air intervening between a and b, 
I V I and a plate of gum tac between b and c, the 
[ * ft *. inductive action of the gum lac will be 
found to exceed that of ue lur. The fol- 
lowing table gives some of these results: 

iDdnctire c»p«ci^ of sir I-OO 

" '■ Ouu i-n 

" " tac S-00 

■• " IDlphnr S'M 

All the gases have the same inductive capacity, whatever 

Doe* iudaction tahs plica in itriught or carred Hnei t Can the parti- 
olei of aoliil bodiei be polaiued ? What are dielsctilca 1 Wliat ia 
■wuCby llie apeeiflo inductive capacitf otdielecDioat Of air, glaia, and 
■oli^uir, what are Ifae indnctiTe capadtiea 1 Wbat ii dia eaae widi gaa- 



D,gn;:d., Google 




lis 

dteir deiuitT, elasdeity, tempertture, or b yg ron mtri e con- 
dition may be. 

The electrophonu is an uBtmmeiit «4uch deponds fiw 
its acticHi on indactioD, and is of frequent v ' ' ' 
tty. It caoBisb) c^ a cake of gam lac or 
soling wax, ft,.F^i^9, on which is placed 
a flat metallic plate, a, with an insulating 
handle, e. On exciting b with a piece of i 
warm flaosel, it becomes negatively elec- / 
trie, and a being placed on it, and the \ 
finger brought near, a negative spark, 
driven from a by the repulaive influence of &, is received. 
On lifting a by its insulating handle, a positive spark is 
obtained ; on putting it down on d, a ne^tive one. And 
in this manner we may obtain an unlimited number of 
^Mib; positive ones when a is lifted, and negative ones 
when it is down, A little reflection will show that noBO 
of Una electricity comes from the excited cake b, but ia 
merely the effect of its inductive influence on the electric 
condition of the metallic plate, a. The electnmhcHUS may 
be used when the weather is too damp for the conunon 
machine to work. 



LECTURE XXVIII. 
•VoiTAio Electbicity. — Of Eleetrieity i» MotttM^—Svl- 
zer't Expenmatt. — GalvoMft Ducovery. — Vaita'a The- 
ory, — Water i* a eom/pminS, Body. — Detcriptiou of a 
timple Voltaic Circle and iti Propertie*. — Direction of 
the CurrmU. — Different Kindt of Combinatioiu. — Ute of 
Sulphuric Acid. — Origin oftkc Electricity. 
During the last century, a German author of the name 
of Sulzer observed, that wheA two pieces of metal of dif- 
ferent kinds, as silver and zinc, are placed one above aad 
the other beneath the tongue, aa often as their projecting 
ends are brought in contact a remaricable metallic taste is 

Eirceived. To explain tiils result, bo supposed that some 
nd of vibratory movement was excited in the nerves of 
the touffue. It is the first recorded phenomenon attributa- 
ble to Voltaic electricity. 
Deicribe tfw electra^urnit W;^ bet wu flnt dueribtd In Voltaio . 
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In the year 1790, Galvani, an Italian anatomist, observ- 
ed the contractions which ensue when a metallic commu- 
nication is made between the nerres and muscles of a 
dead &og ; he foitnd, that if a single metal is employed aa 
the line of communication, contractions of the muscle take 
place whenever the metal reaches from the nerve to the 
Fig. 100. muscle ; but that if two pieces 

of diSerent kinds are used, the 
contractions are much more 
energetic. Thus, if we take 
' the skinned hind legs of a frog, 
Ji'i^. 100, hanging together by 
a piece of the spine, around 
which tin foil has been twist- 
ed, every time that we simul- 
taneously touch the tin foil and 
Hie muscle with a bent copper wire, or with a copper and 
zinc wire, C Z, conjointly, a convulsive contraction takes 
place. 

To explain this ^ect, Galvani supposed that the mua- 
culat* system of animals is constantly in a positively elec- 
trical state, while the nervous system is negative. In the 
same manner, therefore, that a discharge takes place in 
the case nf a Leyden vial, when a line of communicatioD 
is opened between the two coatings, the muscular con- 
tractions in this case are to be accounted for. For some 
time these phenomena went under the name of animal . 
electricity ; they subsequently have received the designa- 
tions of Galvanism aud Voltaic electricity, 

Sut Yolta, another Italian philosopher, was led to sup- 
pose that the cause of this remarkable result is not due to 
any peculiarity of the animal system, but to the contact 
of the pieces of metal employed. This led to the inven- 
tion of the Voltaic pile, an instrument which has achieved 
a complete revolution in chemistry. 

It is interesting to remark what great results may, in 
the hands of a true philosopher, spring from the most in- 
significant observations. The convulsive spasms of a 
frog's leg have ended in shovring that the entire crust of 
the earth is made up of metallic oxides, have revealed the 

Wbat w«a tilt fact discovered Inr QiItbiu ? In whst mumer did he 
' enlun it 1 Under what aaiaet Sia Cheie pbenamsiu ■occeuiTel; pan 1 

wlmt v»t Voltt'g jiuppocitiDa T 
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mystery why the magnetic needlfl points to (he north, 
and revolutionized the science of chemistry. 

What wo have already said in the foregoing Lectures 
respecting electricity refers chiefly to that agent in a mo- 
tionless or stagnant state, aa the mode of its distributioii 
on condactors, the action of the Leyden rial, &c. The 
phenomena of Voltaic electricir^ are those which ariso 
from electricity in a state of motion. 

From the great advances which iheee sciences have re- 
cently made, we ore able to present the various topics in- 
volved in a much clearer way than by merely Itacing 
them in a historical sketch. I shall not, therefore, par- 
sue the order in which these facts were guccossively dis- 
covered, but present them in what now appears the sim- 
plest manner. 

It is to be admitted, though of that abundant proof 
will soon be given, that water is not a simple, but a com- 

found body ; that it consists of two elements, oxygen and 
ydrogen gases. It is also to b^underatood that metallie 
zinc may be amalgamated or united with quicksilver, by 
nutting it in contact with that fluid metal, under the sar- 
nee of dilute sulphuric acid. Sbipa of snnc thus amalga- 
mated exhibit a pure metallic brilliancy. 

If, DOW, wo take a strip of amalgamated zinc, an inch 
vride and three or four inches long, and a piece ^ ]g|_ 
of clean copper of similar size, sr and c, Fig. 3 

101, and placing them side by side in a ^lass,]/", ' 
containing water slightly acidulated with siU- 
pburic acid, we have oiio of the forms of a sim- 
ile Voltuc circle. In this, it is to be observed, 
long as the metallic plates remain with- 
out touching each other, no remarkable phe- 
nomenon appears^ but if we take a metallic rod, d, and 
let it connect the top of the zinc and copper together,' a 
series of new facts arises. 

First, from the surface of the copper, bubbles of gas are 
evolved ; they are minute, but so numerous as to make 
the water turbid ; if collected, they are found to be bydro- 
ggngas- 

' What ii the ditference between commaa and Toltaio electricity ) Jm 
water a aimple or a compootid body t . What ii meant by amalgamated 
ainc 1 I>eambe a aimpla Voltaic circle. Aa hmg a< die plate* are not ia 
Mntdct, doet any pheDomenon take place I Oa commamcatitig by ■ me- 
tallic rod, what gaa ia e'nilTed from die copper t 
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118 FHENOUENA OF A SIMPLE CIKCLE. 

Sacondi;, the plate of zinc rapidlpr wastes away, as is 
easiljr proveii by weighing it from time to titne ; and on 
examining the liquid m the cup, we discover the cause of 
Uiis waste, lor that liquid cootains oxide of zinc ; coupling 
this feet with the former, we infer that, so long as the me- 
tallic rod, d.iaiaixa pkce, water is decomposed, its oxy- 
geaanidlig with the zinc, its hydrogen escaping from the 
copper. On removing the rod, d, ^1 these phewwaeoa at 
once cease. 

Thirdly, if, instead of a metallic rod, d, a rod of glass, 
or other noiHOonductor of electricity, be employed, no de- 
cOmposidoD takes place. This, therefore, indicates that 
the agent'Which is in- operation-is electricity. 

Fourthly, if for the line of commanication, d, a piece 
of metal be employed, and we caudously lift it &om the 
zinc or copper plate, the moment the contact is broken, 
in a dark room we see a minute electric spaik. It has 
been already obserred that the electric spark can not be 
ccmfb^ded with any other natural phenomenon. 

Fifthly, if tbe line c^ communication b^ a vety sleoder 
platinum wire, as long as it remains in its position, its tem* 
peiature rises so high that it becomes red hot, and may be 
Kept BO for hoars together. Now, recollecting that the 
ignitioD and fusion of metals take place when they are 
made to intervene between the coatings of a Leyden vial, 
and considering all the facts which have just been set 
forth, we see that the following conclnsion may be drawn : 
that in an aciive simple Voltaic circle water is decom- 
posed, its Mtygen going to the zinc and its hydrogen to 
ibe copper, and that a contmuous current of electricity 
accompanies this decomposition, running &om one metu 
to tbe other, through the connecting rod. 

The direction oT this current may be determined by 
several processes; it is as follows: the electricity, leaving 
thtt surface of the zinc, passes through the liquid to the 
copper, then moves through the connecting wire back 
again to the zinc, performmg a complete circuit ; hence 
the term Voltaic circle. 

Simple Voltaic circles are of several kinds; that which 

WbMhappsiia to tbe liooT Why do we infer dut water li deuom- 
Boedl If kglu( radii luediiutakdafameUlliaiiBekWiiMutlMTMBht 
Bow oan m ipiA b« mada TUible? Oao a i^atiEuunwire bo Ignited f 
..c^ .... 1_^ — nu^bedrawn? WliM ii tbe conne 
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we have been consideriiiif coaeUts of two diff«rem motab 
with one inteireniiig liquid, but similar reBults can be ob- 
t^ned with (xie pioce of metal and two different liquids. 

In the foregoing experiment, we have osed dili^ sol- 
phuricacid: tliia acid dischargee a subeidiaiy duty. Zine, 
when it oxidizes, is covered with a coating impermeable 
to water and air ; it is diis grayish oxide which protects 
the common sheet zinc of commerce from farther change. 
When, therefore, a Vcdtalc pair gives rise to a currently 
the oxidation of its zinc, that corrent would speedily stop 
were not the oxide removed aa fast as it forms ; this is 
done by dte sulphuric acid, which forms with it a sul- 
pbato of zinc, a substance very soluble in water, and the 
metal thus continually presents a clear surface to the water. 

As to the immediate cause which gives rise to the Vol' 
taic current, there has been a difierenco of opinion among 
chemical authors. Volta believed that ibe mere contact 
of the metals was the electromotive source, and endeav- 
ored to prove, by direct experiment, that if a piece of 
copper and zinc are brought Id contact and then sepa- 
rated, they become excited, the one positively, and the 
other negatively ; upon these principles, he was led to the 
dlscoveiT of the Voltaic battery. But many facta have 
now indisputably shown that the origin of the current is 
to be sought in the chemical changes going on ; and in 
the instance we have had under consideration, it b due 
to the decomposition of water. That the electromotive 
action does not depend on the contact of the metals, seems 
to be proved by uie fact that, by changing the nature uC 
die liquid intervemng between them, we can change the 
It both in direction and force. 



AealeotniiiiaclTaKiiircel What ii Ilia view BliT tikent what ufik' 
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LECTURE XXIX. 



BrrECTS of Voltaic Electricitc. — Ltvention of the Vol- 
taic Pile, — Ontickthank't JVovgh. — Hare't Battery,^~- 
Smee't Simple and Compomtd Battery. — Grtme'i Batte- 
ry.—' Voltaie Effect*, the Spark, Dffiagratum of Metali. 
— fynititm of Wiret. — Arc of flante.-^Decompo*itioit 
of Watw. — Nature of the Gatei evolved: 
It has been already observed that, in the discasaions 
which aroBO reapecting animal electricity, Volta attiibutsd 
the action entirely to the metals employed ; and reasoning 
on this principle, he concluded that the eSecf ought to in- 
crease, if, instead of using a single pair of metala, a great 
number of alternations were einployed. Accordingly, on 
taking thirty or forty silver coins and discs of zinc, and 
pieces of cloth moistened vith acidulated water, of the 
fig. 109. same aize, and arranging them in a pile or 
column, carefully observing to place tnem in 
the same order, silver, cloth, zinc — silver, 
cloth, zinc, &c.,ne found his expectation ver- 
ified. On toi^hing, with moistened hands, 
the ends of the pile, a shock was at otfce re- 
a ceived, and on making them communicate 
by a piece of wire, an electric spark passed. This instru- 
ment, Fig. 103, is the Voltaic pile. 

From the important uses to which the pile was soon 
devoted, it became necessary to have it under a more con- 
venient form. There are several inconveniences attend- 
ing the original construction : it is liable to overaet, is 
troublesome to put in action, and requires to be taken to 
pieces and carefully cleaned every time it is used ; its 
maximum effect lasts hut a short time, owing to the weight 
of the superincumbent column, pressing out the moisture 
Irom the lower pieces of cloth; and as soon as they become 
dry, all ac^on ceases. 

These difSculties were avoided, to a great extent, in the 
trough batteiy, which soon replaced the former instru- 
nent. It consists of a box, or trough, Fig. 103, three or 

How wu Yalta led to die inreotioa of the pile t Deicribe the Toltaia 
^t Wliat tm it« dbouf Whtx inooDTemeiKN lt> tbera in tb* 
vfjjlumlfcnDl 
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ibor inches square at rig. im. 

the ends, and a foot or 
more lone ; grcxwes 

are made in the aides fM m r' 

and bottom of this / Priv,ij 

box, and into them ^ 
pieces of zin c and cop- 
per, soldered face to &ce, are fastened, water tight, br 
cement. These grooves are about half an inch apait, and 
into their interstices acidulated water is poured, care be- 
ing taken that the metals are arranged in the same direc- 
tion, BO that if the series begins with a copper plate it 
ends with a zinc. The apparatus is obriously equivalent 
to Volta's pile lud on its side, and the facility fbr charg- 
ing it, and removing the acid when the experiments ars 
over, is veiy greaL From the extremities twii flexible 
copper wires pass ; they are called the polar wires, or elec- 
trodes of the battery. 

Some very convenient farms of Voltaic battery have 
been invented by Dr. Hare. In one of these, the liquid 
b poured off and on the plates by a quarter revolution <it 
a handle ; in others, the trough is made movable, so that 
it lifU up when all the arrangements are ready, and the 
plates are immersed. 

When it ia required to have a current, the 
intensity of which remains constant for a length 
rf time, Daniell's battery ia to be preferred. 
It consists of a copper cylinder, C, Fig. 104, 
in which a solution of sulphate of copper is 
poured ; within this is a second cylinder, P, of 
porous earthen-ware, filled with dilute sul- 
phuric acid. A, into which an amaJgaraated 
zinc rod, Z, dips. From the copper and zinc, 
rods project, terminated by binding screws, 
with which the polar wires may be connected. 

Smee's battery is also a very valuable com- 
bination; it consists of a plate of platini: 
silver, or platinized platinum, S, Fig. lOi . 
of which axe placed parallel plates of amal^mated zinc, 
Z ; those plates are held tightly against a piece of wood, 



Fig. tM. 
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Pig. m. te, by means of a clamp, b, to wbicb, and 

alap to the Bilver plate, binding ecrewB, 
for tbe purpose of fastening polar wires, 
are affixed. The whole is suspended, 
by means of a cross piece of wood, ia a 
jar containing dilute sulphuric acid. 

Smee'a compound battery, represent- 
ed in Fig. 106, ia nothing more than a 
series of the foregolDg simple circles. 
The figure shows one containing six 
cells ; the position of tbe platinized sil- 
I ver and zinc plates of one of the pairs 

is seen at S and Z. It is to be charged 

with dilute sulphuric acid. 



Probably the most powerful of all Voltaic combina- 
Fig. lOT. tions is the instrument invented by Mr. Grove, 
ists of two metals and two liquids, amal- 
id zinc and platina, dilute sulphuric acid 
ong nitric acid. A jar, P, Fig. 107, three 
rs of an inch in diameter, and made of 
. or unglazed eartben-ware, is to be filled 
xong nitric acid, N, and in it a slip of pla- 
placed ; this porous earthen-ware cup is 
It in a glass cup, A, nearly three inches in 
er ; in this ia placed a plate of zinc, Z, one 
of an inch thick, and of such a size, as 
ts its other dimensions, that it will readily 
Btween tbe porous cup, P, and the glass. 
In tbe glass, A, is placed dilute sulphuric acid. 

In tins manner several cups are to be provided, the ar- 
rangement being, zinc in contact with dilute sulphuric 
acid, and platina in contact with strong nitric acid, with a 
porous cup intervening between. The woriunan also 
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previously coddbcU each zinc cylinder with the alip of 
pTadna, which ia in the next cup, by soldermg betweon 
them a Btrip of copper. 

Grove's biittery owes its force to the decompoaition of 
water by zinc. But the hydrogen is not evolved from th* 
BUrface of the platina, as it would be in a single circle ; 
it is here taken up by the nitric add, which undergow 
rapid deoxidaiion, and therefore, during the use of this 
battery, volumes of deutoxide of nitrogen ard evolved. 
A battery of fifty cups gives rise to very striluBg effecta j 
but five or ten are quite sufficient to repeat all the follow- 
ing experiments. 

On separaring the polar wires of such a battery from 
each other, a brilliant spark passes, and, if the separadoo 
be gradual, a fiame constantly proceeds from one to the 
other ; the light of which, when the wires are of copper, 
is of a beautiful green color, 

I£ on the surface of some quicksilver wig. iw. 

contained in a glass, Fig. 108, ^e low- 
er a thin piece of steel, or iron wire, 
connected with one of the poles of the - 
battery, the mercury being kept in c 
tact with the other, the steel takes fire 
and deflagrates beautifully, emitting 
bright sparks, and the mercuiy ia rap- 
idly volatilized. 

when thin metal leaves are made to intervene between 
the polar wires, they are at once dissipated, the flames 
they emit being of d£Serent colors in the caae of difierent 
meUtle. 

If a piece of platinum wire is made the channel of 
' communication from one pole to the other, if it does not 
flue at once, it becomes incandescent, and remains so as 
long as the instnunent is in activity. 

When the polar wires are terminated by pieces of well- 
burned charcoal, or that variety of carbon much is formed 
in the interior of gas retorts, the light which passes between 
them when they are removed from contact ia one of the 




WbRt are the cberaical effect! taking place li 
llBT wirei of ■ btttery, wl ------ 

« deflagrated ? VTbuc p 



MpiTBtiiig the polar wirei of a batteiy, wbaE pbeuimep 



dewuralianofmetaiiicleaTeil 'When I 

between tba pole*, what in the remit T How i> the aro of light bnaed, 

■o4 what am fti propaitieat 
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IM BtcotuotmoN or watir. 

noM tnillUat that can be obtained by any artificial means. 
With powerful batteries, the pieces i^cfaarcoal may be sep- 
lif. W. arated aeTeral inches apart without the 

^^^^ajk^^^ U^ ceasing, and then it moves from 
^ ^^^^B one to the other pole in an arched form. 
Fig. 109, the convexity of the arc being upvrard, Thia 
{i>rni ia dne to the cjirrent of hot air which risee from the 
ignited space between the poles, and the light may be 
Uownontby the mouth, just in the same manner that we 
blow out a candle. 

Bat, in a scientific point of view, hy far the moat inter- 
etting experiment to be made with the VcJtoic battery ia 
Kg. no. the decomposition of water, Throu^ 

" " the bottom of a glass vase, or dish, at 

the point a h, F^, 110, two platinum 
wires are introduced, water 'tight ; they 
pass into the vaee, aBac,bd, parallel 
y to each other, but not touching. Over 
each of tbese wires a tube is to b€ in- 
verted i the tube e over c, andyover d, 
the vase and the tubes being previous- 
ly filled with water acidulated ^tightly, to improve its 
Gonducdng power. Now let the wire a c be connected 
with the poeitive pole of the Voltaic battery, and£ d vrith 
tiie negative ; bubbles of gas in a torrent arise from their 
extremities, and pass upward in the tubes, displacing the 
water. The quantity of gas thus collecting m the two 
tabes is unequal, and whenever we stop the decomposi- 
tion ihere wUl be found in_/ double the quantity which is 
in e. When a sufficient amount is collected, let the tube 
e, containing the smaller portion of gas, be cautiously re- 
moved, preventing anjr atmospheric air from getting into 
its interior, In closing it with the finBer, and than, turning 
the tube upside down, let a stick of wood, with a spark 
of fire on its extremity, bs immersed in die gas. In a 
mtnnent the wood bursts into a flame, proving that this is 
oxygen gas. Then take the other tabe, and allow to pass 
into it a quantity of atmospheric sir equal to the volume 
of gas it already holds; remove the finger and apply a 
ligU, and there is an explosion. But this is the property 

Dfetibt dM pmssn tar the dsonmpoiition of irtitar. Wlul ii Aw nH. 
■tira pTOfMirtlOD sf tba gam ocdscted 1 How out it ba pravid dut (h* 
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(^hydrogen gas. We dierefbre coDclade Aat in thu ex^ 
peiiment water baa been decomposed and reoolved into 
Its constituent ingredients, oxygen and hydrogen ; and, 
&rtber, diat in water tbere is, by vol- pi ,j, 

ume, twice as much bydrogen as there i 
is oxygen gaa. The separation of the 
two is perfect, so much so that the de- 
composUioa may be conducted in differ- 
ent vessels. Thus, let N and P be tubes, 
through the closed upper ends of which 
platinuni wires pass ; invert them in 
olame* of water, with a siphon of large 
bore connecting them, (hi making N 
. communicate with the negadre, and F with the positive 
|K^ decomposition ensues, hydrogen gaa aocumulatiag in 
N| and oxygen in P. 



LECTURE XXX. 

Thk Electro-cbehical Thkokt. — Theory of the Deeont' 
pofititm of Water. — VecompoMttion of MetaUie and othet 
8alu. — BeequererflUtttlratiaTuftheFormatitmofJ^H' 
eral*. — Davy'iDUcoveria. — Electro^hfmictU Theory.— 
EleOrolytn. — Farada^* TTieory of definite Actioiti^- 
7%e Electrotype. 

TaE prominent fact connected widi the decompositiim 
of crater is the total separation of the constituent elements 
on the opposite polar wires or electrodes. From the 
potitive wue oxygen alone escapes, and from the nega- 
tive hydrogen; there b no partial admixture, but uie 
•e^radoo is perfect and complete. 

Though the polar wires may be separated front each 
other by a considerable distance, the same result is uni- 
formly obtuned, and it is to be remarked that the evolu- 
tion m gas takes place on the wires alone ; no intervening 
bubbles make their tLppeaj-ance in the intermediate space. 
The principle on which this is effected may be easily under* 

WInt U tb«eautitDtkiDof w>tert>7T(itDiiieT Od thue pdu damm. 
piMitku effsct atoM Hpantioii (4 the bodiM T In the dsDOofgiillaii of 
wMer.da any gu bnbblH spp«tr in the uMrveoug ([iica 1 
L 2 
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rtood, by BnppoBing H HandO O.FigiH, to repres6ttt 

Fig. 11*. atoma of hydrogen and oxygen respect- 

| I* I I ]~[ o iTcly; each pair of them, therefore, rep- 

g jl I I T~| H resentBapardcle of water. Now, if we 

)_, , I slide the upper row of atoms upon the 
I I j 11" lower, ae shown at A S, * o, it U obvious 
I I ' I" that a hydrogen Vom will be set free at 
one extremity of the line, and an oxygen atom Xt, the oth- 
er, and that, aa respects all the intermediate pairs of atoms, 
though they have changed their places, yet every particle 
of hydrogen is still osaoclated with a particle nl oxygen, 
constituting, therefore, a particle of water ; and it is at the 
extremes of the line alone that the gases are set free. So 
in the polar decomposition by the pile, all the liquid in- 
tervening between the poles is affected, decompositions 
and recombinations successively taking place, the hydro- 
gen atoms moving in one direction, the oxygen in the 
other, finally to be set free on the surface of the polar 

This capital discovery of the decomposition of water 
by Voltaic electricity was originaliy made by Nicholson 
and Carlyle. It is by far the most satisfactoij method ot 
demonstrating the constitution of that liquid. After it 
was made known, any lingering doubts which still remain- 
ed on the minds of some chemists in relation to the com- 
posite nature of water were speedily removed. 

In the same manner that water is decomposed by the 
Voltaic battery, so, also, many metallic and other salts yield 
to its influence. Thus, if into ajar containing a solution 



e vitriol, the sulphate of copper, two metallic plates 
are introduced parallel to each other, and one oi them 
"brought in connection with the negative and the other 
with the positive polo of the battery, decomposition of the 
salt takes place; the sulphate of copper being resolved 
into its constituents, sulphuric acid and the oxide of cop- 
per, and the latter reduced to the condition of metallic 
copper by hydrogen simultaneously evolved with it, aiising 
from the decomposition of a part of the water. In tbia 
manner the copper may be deposited, wi^ a little care, 
under die form of a tough metallic mass. 

How b Ada explained T How n It, if decompodtioni we going on in tba 
inteneniDK ipaoe, Aatdie gsiea tie not there Men) Can nettUic islH 
b* In liks muBUt decompoicdt 
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If in & cubical glass vessel Fig. 113, dividect into two p«r- 
titions by a diaphragm, a, Fit. ill- 

and both paitinons filled ' 

with a solution of iodide 
of potassium, mixed with 
a solution' of starch, and 
the positive and neg&tive i 
wires of the battery intro- 
duced, decomposition of the iodide takes place, its iodine 
being evolyed at the positive wire, and giving with the 
starch a deep blue color, the blue iodide of starch, while 
the liquid in the other partition remains colorlesE. 

M. Becquerel obtained some very beautifil results by 
the ^d of weak but long-continued electric currenta, illus- 
trating the probable mode of formation of mineral sub- 
stances by such currents traversing the crust of the earth. 
If we take a glass tube bent into the form i^. Jii. 

of a TJ, and cloae the bended part with a 
plug of plaster of Paris, putting in one of 
the brsnches a solution of carbonate of 
Boda, and in the other of sulphate of cop- 
per, immeraiag in one of the solutions a 
zinc plate, and in the other a copper, 
connected together by a piece of bent 
vrire, the liquids communicate through 
the porous plug, and crystals of the dou- 
ble carbonate of copper and soda form on the plate im- 
mersed in the copper liquid. In the same ng. its. 
manner, other compound salts and mineral i 
bodies may be produced. 

Or if we take ajar. A, and fill it with a so- 
lution of nitrate of copper to a, and then with ■* 
dilute nitric acid to B, and immerse in it a slip 
of copper, C D, presenting equal surfaces to 
the two liquids, an electric current is genera- 
ted, the copper is dissolved in the upper solu- 
tion, and is deposited in crystals at D in the j 
lower. ' 

As in this manner water and various saline bodies tin- 



Deicribe tlie polar decomposition of iodide d( potunmn. Can decom- 
poiitioiii be prodnced. by very foelile Voltaic correat* T Dcscritw Kniie 
Of the BinuigeiBeiiM c^M. Becqaerel ibc illuatntttag tba probible mode of 
lonnBliOD of miDerala. 
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der^ decompoBitioii by the actim) of the pile, it occuired 
to Sir H. Davy that probably other aubatancea, at that time 
supposed to be simple, might also be decomposed. He 
sccordingly HubjecteAthe alkaline and eaithy bodies, then 
reputed to be elementaiy, to the iofluence of a powerful 
battery, and found that his auppoaition waa verified. On 
|>1aciiiK a fragment of caustic potaah between the poles, it 
immediately melted; from the poeitive oxygen gas es- 
caped in bubbles, and from the negative, small metallic 
5 lobules, having the appearance of quickellver, emerged; 
lese vrere characterized, however, by the singular qual- 
ities of an iatenae affinity for oxygen, so that they would 
take fire on being touched by water, or even ice, and 
veve so light as to swim upon the surface of that liquid. 

The result of Davy's experiments proved that the al- 
kaline substahcea and all the earths are oxidized bodies, 
and in most instances oxides of metals. 

On these principles, Davy eatabliahed a divieion of ele- 
mentary bodies into electro-positive and electro-negative 
Bubstancea. The former are those which, during a polar 
decomposition, go to the negative pole, and the latter those 
thd go to the poaitive. The electro- chemical theory as- 
Bumea that all bodies have a natural appetency for the as- 
sumption of the positive or negative states respectively, and 
that all the pbenoioena of chemical combination are mere- 
ly cases of the operation of the common law of electrical 
attraction ; for between particles in opposite states at< 
traction ought to take place, and when in- a compound 
body, such aa water, which consists of particles of nega- 
tive oxyfi;en and positive hydrogen, the poles of an active 
Voltaic Battery are immersed, 3iey will effect its decom- 
position, the negative oxygen going to the poaitiTe pole 
and the poaitive hydrogen to the negative pole. 

Davy's theory thus not only accounts for the decom- 
posing agencies of the battery, but also for all common 
cases of chemical combination, referring both to the fun- 
damental law of electric attraction. With all its simplic- 
ity, it would be very easy to show, however, that it is 
founded on a groundless assumption, and can not account 
ibr a great number of well-known facts. 

What w«n die diioaTeiiaa of D>v7 mpectiiix tlie alkiliiw and eaiAy 
IndlaiT WtaUlameBiit by the eleclro-chamicu Ibeorjl Doei thi« ttw- 
ory ilin sooaaiil ftr diomicil oombiniitiaii 1 
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Tfae Volt^c pile can not decompoae all bodi^ indiS' 
criminately. An electroljta— for so a decompoeaUe sub- 
stance is t«rmed — must always be a fluid body. It also 
appean Uiat all electrolytes must base a binary constitu- 
tion, or coDtsin one atom of each of their two conslitueat 
ingredients. 

Mr. Faraday discovered that the action of an electrio 
current in effecting the decomposition of various bodies ii 
perfectly definite : thus, if we make the same current 
pase through a series of vessels containing water, iodids 
of potassium, melted chloride of lead, tbey will all be de- 
composed, but in very different quantities. If of the wa- 
ter there be decomposed 9 parts, there will be 165 c£ 
iodide of potassium, and 139 of chloride of lead ; bat 
these numbers represent what will be hereafter given as 
t^e atomic weigbts of the bodies iu question. A current 
which can set free one grain of hydrogen will evolve 108 
of silver, 104 of lead, 39 of potassium, 31'6 of copper. Sec, 
these being tbe atomic wei^ts of those substances respect- 
ively. 

A very beautiful application of electro-chemical decom- 
position has, of late, been introduced into the arts. It 
passes under the name of the electrotype. It consists in 
the precipitation of metallic copper, gMd, silver, platina, 
&C., on difierent surfaces, by the aid ^ a Voltaic current. 
Thus, suppose it were required to obtain a perfect copy 
in copper of one of the &ces of ftr. lis. 

a medal ; let a glass trough, 
N C, Fig. H6, be filled with 
a solution of tbe sulphate of 
copper, and to the negative 
wire, Z, of a Smee's Voltaic 
battery, let tbe medal N be at- 
,tached, all those portions, ez' 
cept the face designed to be 
copied, being vanushed over, 
or covered with wax, to pro- 
tect tbem from contact wiui tbe liquid. To the positive 
wire, S, let there be attached a mass of copper, C, As 
soon as the battery is in action, decomposition of the sul* 

To wbat bodiei ia tlia deoampoimg influence of tha Voltak batury tiDf 
itedt CuanlMtuicHotii«TduiilHnu;Gnmi<oaad«beIbudeaomp«edt 
Bx^iia FandJLy'i law of IIh doBnit* (ction at m Vchaio coirat D*> 
■enUOa elMlrotyp*. 
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phate takes place, metallic copper ia precipitated on die 
face of the medal, copying ic with BiupriBing accuracy. 
This copper ie, of course, withdrawn from the sulphate 
in the solution ; bu^while this ia going on, sulphuric acid 
and osygen are being cTolved on the mass of copper, C. 
They uierefore unite with it ; and thus, aa &st as copper 
b. precipitated on N by oxidation, new quantities are oh- 
tuned from C, and the liquid keeps up its strength unim- 
paired. In the course of a day the medal may be re- 
moved. It will ba found incrusted with a tough, red 
coat of copper, which may be readily spUt off from it. It 
is a perfect copy of the surface on which the deposition 
took place, and, in turn, it may be used as a mould for 
obtuning a great number of casts. G^ilding, sitver- 
plating, and platinizing are now performed on ibe same 

Srinciples, the electrotype being one of the most beauti- 
il contribulicms which science has of late given to the 



An instrnment, the Voltameter, has been invented by 
rig.in, Mr. Faraday for measuring quantities of. 
Voltaic electricity. It is represented in 
Fig. 117. It consists of a glass jar, h, 
filled to the height d with water, and 
through its cover, c, a graduated tube, a, 
passes.. In the lower part of the tube at 
g, two pieces of platina foil, which form 
the terminations of the polar wires of the 
battery, the current of which is to bo 
measured, are introduced, the connection 
with those wires being made by the aid of 
the mercury cups, ej". The tube, a, having 
t been filled with water, as soon as the cur- 
rent passes decomposition takes place, the 

gases collecting in the graduated tube, and measuring 

ue amount of the current. 



DeKribs tin Valtuneter. 
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LECTURE XXXI. 
Ohm's Theory or thk Voltaic Pile. — Magnetuu and 
ELECTBO-HASNETiaH. — Volta't Pile. — Sore's Caloritn»- 
tor. — ZambonVi Pile. — OAm,'» Theory. — Eleetrtt-molive 
Pofce. — Rsntiamx, — General Lam Jin- OU Force of the 
Current. — Laws and Pkenomeua of Magnetirm. — Elee- 
tro-magnetitm, Oertted't DUcovertet in. — The Galvam. 
ometer. — Electric RoUUione. — ■ Tangauiai PonXf—SSee- . 
tro-magnett, 

"WnB a ^ven anKrant of metallic surface we canpro- 
iace Voltaic batteries having difTerent qualities. Tliue, 
if we take a square fbot of copper and a square foot of 
zinc, and place between them a piece of wet cloth, we 
shall have a battery which can not give ahocks, nor effect 
the decomposition of water, bat which will cause a fine 
metallic wire to become white hot, or even to fiwe. If, 
again, we take a square foot of copper and a square foot 
of zinc, and cut each into 144 platen, an inch square, and 
arrange them with similar pieces of cloth as a Voltaic 
pile, the instrument wi]l give shocks, and decompose wa- * 
ter rapidly. From the same quantity of metal two differ- 
ent species of battery may be made; one consisting of a 
few plates of large surface, or one of a great number of 
altemadons of smaller plates. 

Of these varieties of battery, the calorimotor qf Dr. 
Hare is an example of tlie first. It consists of a series 
of zinc plates, all connected together, and one of copper, 
also similarly connected, constituting therefore, in reality, 
a single pair of veiy large surface. The great amount of 
heat evolved by this apparatus u its peculiarity. 

The electric pile of Zamboni is an example of the other 
kind. It consists of a aeries of ten or twenty thousand 
discs of gilt paper, alternating with similar pieces of 
very thin zinc foil. These are arranged in a tube, and 
kept in contact by the pressure of screws at each end. 
In Fig. 118 (p. 132), the pile is laid on a pair of gold 

Wlimt»rBthetwopriiicit«Ifefni«ofb«ttmr Whit do tho oJcmino. 
tor udZunbuii'i pile illaiiTBtel Wl«l i« the ofibql produced by « brt 
taryofUrgeplUei? What bj ooeof imn>- ultemMiouil 



DigniodD, Google 



183 />HH« THEOET QP VOLTAIC CDR»i!NTa. 

Kf US- leaf electrosc apes, both of 

which diverge, the one 
being positive and the 
other negative, the cen- 
tral parta of the pile being 
neutral. This inatrumMit 
exhibits do calorific ef- 
fects; its phenomena are 
those of electricity of high 
- teneion. 

b These, and, indeed, 
i ^ yf*"* r tT"""™'?^^ '^^'' ^ many of the phenomena 
of the electric current, are clearly accounted for by the 
tid of Ohm's theory of the Voltaic pile, of which the fol- 
lowing is ac exposition : 

1st. By ELECTRo-BioTivE FORCE We Understand the 
causea which give rise to the electric current; thie, as 
we have explained in the simple circle, is the oxidation 
of the zinc 2d. By besistance we mean the obstacles 
which the current has to encounter in the bodies through 
which it passes. 

When wo affect the electric current in any portion of 
its path, either by varj-ing the electro-motive force, or 
' changing the resistances, we simultaneously affect it 
throughout the whole circuit ; so that, in a given space 
of time, the same quantity of electricity passes through 
each transverse section of the circuit. 

In' any Voltaic circle, simple or compound, the force ot 
the current is directly proportional to the sum of all the 
eleotr&-motive forces which are in activity, and inversely 
proportional to the sum of all the resistances; that is to 
say, the force of any Voltaic current is equal to the sum 
of all the electro-motive forces, divided by the sum of all 
the resistances. 

The resistfuice to conduction of a metal wire is directly 
as its length, and inversely as its section ; that is to say, 
the longer die wire is, the greater its resistance, and the 

thicker it is, the .ess its — *■■-* 

If we augment or din 
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alectro-motiTe forces sod the resistances of a Voltaic cir- 
cuit, the force of the current will remain thesiuae; if we 
io^reaae the olectro-motive force, the force of the current 
increases ; if we increase the resistance, the force of the 
current diminishes. 

If, in two Voltaic circles of equal force, the same r» 
sistance is iotrodnced, the forces of the currents may bs 
enfeehled in very different proportions ; for the newly-iu' 
troduced resistance may, in one of the circles, bear a very 
^at proportion to the resiataDces already existing, and, 
in the other, a reiy insiB;nificant proportivn, - 

The following, thbrefore, !e the general law which de- 
termines the force of a Voltaic circuit. 

IsL The electro- motive force varies with the number of 
the elements, the nature of the metals, and of the liquids 
which constitute each element ; but it does not in any 
manner depend on the dimensions of their parts. 

2d. The resistance of each element of a Voltaic circuit ' 
is directlv proportional to the distance between the plates, 
as occupied by the liquid, the resbtance of the liquid it- 
self, and the length of the polar wire connecting the ends 
of the circuit; and inversely proportiona] to the siirlace of 
the plates in contact with the liquid, and to the section of 
the connecting wire. 

3d. The force of the current is equal to the electro- 
motire force divided by the resistance. 

From the circumstance that lightning has been r^eat- 
edly known to render implements of steel m^netic, and 
from a general analogy which exists between the phenom' 
ena of magnetism and those of electricity, it was long ago 
believed mat these phenomena were due to one common 
cause; but it was not until 1819 that their true relation- 
sbip was first established by CEi^ted. 

The phenomena of the magnet itself were discovered 
more than 2000 years ago. The natural magnet, or load- 
stone, which is an iron ore, possesses the quality of at- 
tracting pieces of iron or steel, but upon almost all other 
substances it is without action. To h^ened steel it com- 

Bmr doei die tone of flie raurnit dbuige villi chmgM in Uie elnetro- 
BotivB ibrce and Ae rwUtuusF Wbna ■ mw reiuUuce i< istiDdiiD^ 
into two dralea, doei it tollow that both will be ilbcMd tfik* T Oiva Ota 
gmenl Uw which detenmasi Aw brca of the Toluia entrant. What ara 
ttepropaidaaoCanucnat! What U Iba difltoaDD* of ite action on ina 
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monlcatea its own properdee in a permanent manner; bat 
soft iron is dnl^ transiently m^netic, and as soon as it U 
removed from the influence of the magnet it loses its 
power. Bars of steel which have been magnetized can 
communicate their activity to other bars ; they arc, there- 
fore, of constant use in physical investigation a, and are of 
two forms, straight bars and horseshoe magnets. 

Pig_ 1 ,B. If a magnetic bar have iron 

jMMj/tm^u^^^lltitlt^ filings sifted over it, they col- 
g^^ t <?Mi lect, as represented in Fig. 

^■■■■^^^■^■■^ 119,chieflyatthetwoextrem- 
ities, id, few ofthem being found in the middle. If apiece 
_ of card-board is laid 
r a magnet, and 
the filings dusted on 
it, they arrange them* 
selves in curves^ call- 
ed magnetic curves ; 
there being in this, 
as in the former in- 
stance, centers of ac- 
tion, P P, toward the 
extremities of the 
bars, around which the curves are arranged. The ap- 
pearance is shown in Fig. 120. 

A light magnetic bar,S N* so arranged that it can bo nois- 
Ftg- lai. ed on a pivot, C, with free- 

£ domofmotion,iB a magnetic 

S— ^^^— ^Jli ™ I B needle. It was discovered 

ffi by the Chinese that sucb a 

I needle. Fig. 121, possesses 

I polarity, or points north and 

H south, a fact of the utmost 



.-^^^ inKioitance m navigation. 

^E^V When to a needle the poles 

e approached, it exhibits attractive and repuls- 
lents. The law under which these take place 
is, " Like poles repel, and unlike ones attract ;" two north 
or two south poles repel, but a north and a south attract. 

polsibiBibc 
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Eitber pole of a magnet is attracted by apieceof unmag- 
netized soft iron. The intenBit; of magnetic action is id* 
Tersely proportional to the square of the dtetances. 

If a magnetic needle he brought into the neigbbarbood 
of a wire, along which an electric current ia passing, the 
needle is at once disturbed from its position, and tends to 
set itself at right angles to the wire. Tbe direction in 
which tbe transverse movement takes place depends on 
tbe relative position of tbeneedle and the wire ; thus, 1st, 
if the wire be above the needle and j)arallel to it, that 
pole next tbe negative end of the battery moves west- 
ward; 3d, if the wire be beneath tbe needle, itwill move 
eastward ; 3d, if the wire be on the east side of the needle, 
the pole is- elevated ; 4th, If on the west, it is depressed ; 
in all these various positiona, the tendency being to bring 
ibe needle at right angles, or transverse to the wire- 
It follows, from these 
&cts, that if a magnet- f 
ic needle be placed ii 
die interior of a rectan 
gle of wire. Fig. 123, 
through which a cur- 
rent IB made to flow, 
all the portions of the 



Tig. in. , 



T 



m. The effect, therefore 
the case of a single con- 



becomes much greater than 
tinuous wire. 

On the same principle, if, instead of a single 



m,tb» 



wire is repeatedly coiled upon it- fv^. ju. 

self, so as to make a great many 

turns, the eflbct upon the needle taay , 

be greatly increased ; and when the. 

needle is made nearly astatic, that < 

is to say, its tendency to point north 

nearly deetrcTfod by arranging it upon 

an axis with another needle, similar to it in all respects, 

but with its poles reversed, as N- S, S N, Figwe 12S, 

&e directive tendency of the one needle neutralizing 

Hofr doei the intenity of mwnetic uttODTuyT la whu doei (Et- 
•ted'a ducoTory ooiui*! > "WlHt u the direction which tha noedle marw 
bi die Gnr pontknu nxmd tbs wire 1 WhU ii the eflbot on ■ needle In 
Hwirteiigrof krectuglel What li the principli of tbe gilTwiiDeHr t . 
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the other, but both tending to tura iu the aame direction 
by the current in the coil of wire, inasmuch as oue is with- 
in the coil and the other above it, the arrangement forma 
a moat delicate means of discorering and measuring an 
electric current. It is called a galvanometer. 

Ah action and reaction are always equal and contrary, 
it is obvious that, if a conducting wire be movable and 
the magnet stationary, the latter can betnad&to impreu 
motions on the former. 

Conducting wires can be made to revolve round the 
poles of a magnet, or the pole of a ra^- 
net round a conducting wire ; thus, in a 

flasa cup. Fig. 124, let a magnet, n, be 
xed vertically, and the cup SUed with 
mercury; by means of a loop, a, let a 
conducting wire, b, be suspended, having 
lerfect freedom of motion. Ifan electric 
iurrent is made to pass down this wire 
through the mercury, and escape by the 
path a, the wire rotates round the pole n 
as long as the current passes. From this 
and similar experiments, it therefore ap- 
pears that the force exerted between a conducting wire 
and a magnet is not a direct attractive or repulsive power, 
but one continually tending to turn the movable body 
round the stationaiy one, deflecting it continually, and 
acting in a tangential direction. Hence it is sometimes 
' spoken of as a tangential force. 

If round a bar of soft iron a conducting wire, covered 

Kg. isi over widi aiik, be spirally twisted, as in 

Fig. 125, whenever an electric current 

is passed, the iron becomes intensely 

mE^etic, and loses its magnetism as 

soon as the current stops. A bar an 

inch in diameter, bent so as to represent 

a horseshoe, Fig. 126, vvith a wire cov- 

jB i^~~^ ered «dth silk for the purpose of eepa- 

wV.^ ^^^1=^ rating its successive strands from each 



Od tfa« ■unfl principlei, ci 
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Other, ma,y he made u> pve rise to ybtj 
striking results. Frof. Henry, by a modi- 
fication of the conducting wire, succeeded 
in imparting so intense a degree of mag- 
netism to a piece of soft iron that it couhi 
support move than atonweighL If under 
one of these electko-hashbts a dishful of 
small iron nails be held, the moment the 
current passes, the nails are all attracted, 
and, while they are held by its poles, may 
be moulded, as it were, by the hand in 
various ahmes, but as soon aa the current 
stops they aS c^. 

It is upon this principle of producing 
temporaiy magnetism by an electric cur- 
rent that Morse's- electric telegraph depends. 




LECTURE XXXn. 
EijEOTao-DTNAMiCB — Tbermo-electkicitt, icc.—Am- 
pere'i Diteovery. — Properties of a Helix. — Nature of the 
Magnet. — Faraday' t Discovery of Magnetic Electricity, 
— Magnetic MacAhiei. — Faradian Currenlt. — Tkertno- 
tiectricity. — Production of Heat and Cold by Electric 
Currents. — Thermo-deetric Pairs. — Peculiarity of these 
Currents. — Electro-motive Power of Heat, — J^elloin't 
PUe and TkermoTOeter. — Improvematt* «t Thermo-dec- 
tric Pairs. — Animal Electricity. — Steam Electricity. 
Soon after the relation between electricity and magnet- 
ism was established, M. Ampere discovered that there 
are reactions between electric currents themselves. 

Two electric cuirente flowing in the same direction at- 
tract each other, but two electric currents flowing in op- 
posite directions repel ( or, more briefly, " Like currents 
attract, and unlike ones lepel." 

If a conducting wire be bent in the form of a heHx, 
its terminations returning toward its middle, as shown ia 
Fig. 137, it exhibits aU the properties of an ordinary mag- 
netized bar; for as soon as the current passes, it points 

Deicribe the boneihoe eledi^iiugiict. What ii the Uw of reictiaa , 
botvMB •IsetriG cnirenMl 
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north and Bouth, and is attracted and re- 
pelled by tbe poles of a magnet, jost as 
thougli it were a magnet itself. A very 
heat airangemsnt for illustrating these 
results is seen in Fig. 138. A small Bim- 
ple circle, consisting of s zinc and copper 
plate, connect- i^ im. 

ed together by 
means of a wire 



V form a flat coil, 
is floated by 
means of a cork in acidulated 
water. The current runs round 
the coil in the direction of the 
arrows, and the arrangement, 
obeying tbe magnetic influence 
of the earth, turns, with its plane 
pointing north and south, just as 
a magnet would do if introduced into the ii 
coil, in the position shown in the figure by the dark line. 
Ampere infers, from the analogy of ^ese instruments, 
that the magnet owes its qualities to electric currents cir- 
culating in it in a transveree direction. The directive 
action of the magnetic needle or the electric helix depends 
on the reaction of electric currents circulating in the 
earth, due to tbe unequal heating of its surface by the 
rays of the sun. 

We have seen that an electric cuirent can develop 
a bar of iron or steel ; in the former, tran- 
sient, in the latter, pennEt- 
rnetism. Thns.H 
" the iron bar, n s, Fig. 189, 
n be placed in the axis of a 
helix of copper wire, along 
which a current is flowing, 
the current develops magnetism in the bar. It was dis- 
covered by Faraday that the converse also holds good, 
and that a magnet can ^ve rise to an electric current. 
Thus, in Fig. 129, let the terminations a d of the helix c 

Deicribe the phenomenB of the elactnjJyiiMiiio helix, Fig. 1ST. De- ' 
iKribe Aoae of *e flat eoil. Whst i« Anipere'i theory of the nBCnre nl 
thenwenett CaDamiigiwtuedbarb«niadeloderelDp<il«itricciineiit*l 



magnetism ii 
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be brought in contact, and havinff placed a soft iron bar| 
n », within it, let the bar be made magnetic by the ap- 
proacb of a strong magnet. Aant assum€« the magnetic 
condition, it generates a current, which runs through the 
helix c ; and if at this moment the wires a b are drawn 
apart, a bright spark, sometimes called the magnetic 
spark, passes. It does not come, however, &om the mag- 
— it itoelf, but is due to the electric current established ir 



the heUx by the disturbing action of the magnet. If be- 
tween the terminations aha, slender wire is placed, it 
may be made red hot, or water may be decomposed, or 
any of the phenomena of a Voltaic battery may be exhib- 
ited by die aid of this magneto-electric current. On this 
principle are constructed the magneto-electric machines, 
of which different forms have of late been so generally 
introduced for the purpose of the medicinal application of 
electricity. They all depend essentiaUy on the principle, 
that if we coil round a piece of soft iron a conductmg 
wire, as often as the iron is magnetized, a wave of elec- 
tricity flows through the wire. 

If two conducting wires be placed parallel and near to 
each other, when an electric current is passed throngfa 
one-of them a wave of electricity flows in the opposite di-. 
rection through the other; and on the first current stop- 
ping, another wave, coinciding with it, passes through the 
second wire. These momentary currents are all called, 
from the name of their discoverer, Faradian currents. 

If we take a bar of antimony, a, Fig. 130, and one of 
bismuth, h, and having soldered them end to Fig. no. 
end at c, pass a feeble current through them 
in a direction ftvtm the antimony to the bis- 
muth, the temperature of the compound bar 
rises ; but if the current passes in the oppo- 
site direction, cold is produced. By fixmg , 
thermometers into the substance of the bars, S 
these facts may be readily verified, and in the 
latter case, when water is placed in a depres- 
sion made for it in the bar, and the reduction of tempera- 
ture slightly aided, it can be frozen by the electric current. 

The sanie compound bar of bismuth and antimony, 

What tie Iba prapottiBi of Iheio correnU 1 What ii the priociplB rX 
die magneto-«1«^c mBCbine I 'What ii meuit by Faradim coireDt* T 
What U their directioo? Haw ms^heBt end cold be produced byx oar- 
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haTing itB extremi ties connected togedier by a wire, when- 
ever heat is appUed to the junction, an electric current sets 
from the bismuth to the antimony, and when cold is appli- 
ed, from the antimony to the bismudi. These important 
iacts were discovered by Scebeck in 1823, and the cur- 
rents have been designated byhim thermo-electric currents. 
For thQ production of these thermo-electric effects, two 
metals are not necesBarily required. One end of a thick 
metallic wire being made red hot and brought in contact 
with the other, a current instantly passes from the hot to 
die colder portion, and continues to flow in diminishing 
quantities until the two ends have reached the same tem- 

Esrature. Or if a metallic ring be made red hot in any 
mited portion of ite circumference) so long as the heat 
passes vrith freedom to the right hand and to the lel^ 
electric development does not appear ; but if we touch 
with a cold rod the hot portion, abstracting diereby a por- 
tion of its heat, a current in an instant rans round ic 

It is not alone in metals that these thermo-electric cur- 
rents can be induced ; other solids, and even liquids, may 
originate them. Among metals associated together, the 
relation often exhibits singular changes. Copper and iron 
form a very active couple until their temperature ap- 
proaches 800° F. ; the current then stops, and On contin- 
uing the heat, another current is developed, passing in the 
opposite way. The same takes place with a pair of sil- 
ver and zinc, at a temperature of 248° Fi 

Thermo-electric currents generated in metallic bars, 
experiencing little resistance to conduction, have therefore 
very little tension ; the thinnest stratum of water is a per- 
fect non-conductor to them. 

In any thermo-electric couple the quantity of electrici- 
evolved depends upon Uie temperature ; but, as I have 
Lown in a memoir on the electro-motive power of heal^ 
inserted in the Philosophical Magazine for June, 1840, it 
is not directly ^opoitional to it, except through limited 
ranges of temperature ; we can not, therefore, make use 
(^ these. currents for the determination of temperatures 
with accuracy, on the hypothesis of the proportionality of 
the quantities of electricity to the quantities of hetrt. 

Wbat tie thanno-alectric omrantitT Can they be aonorated by ono 
nwMl OB]y t Cin thejr originue ia other solidi baiid« metBlx. uid in 
Uqaidt t Whit ia Ihe sctuin of t pair of ooppBi' and iron, and lilver ukI 
^1 ^^y bftVB they lo iittla tatuiion I S the qauitil; of electricUr 
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By joining a system of ban alternately together, we 
may reduplicate the efiecta of a single pair. As might 
have been predicted on the theoiy of Ohm, and as I have 
shewn in the memoir just quoted experimentally, where 
the conducting resistance remains the same, the quantity 
that passes the circuit ia directly proportional to the num- 
ber of pairs. It ia upon this principle that, several years 
o, M. Melloni constrocted his thermo-electric multiplier, 
ig. 131. Thirty or forty pain of minute bars of bismuth 

FW. 131 




and antimony F F, with their alternate ends soldered to- 
gether, are arranged in a small space, so that their ends 
expose an area not exceeding the section of the bulb of a 
common thermometer, the current that passes from diis 
pile being ao conducted, by means of wires C C, as to de- 
flect a magnetic needle. To the thermo-electric pile a gal- 
Tanometer is therefore attached, as seen in Fig, 132, 
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whicb represents the whole instrument in section and 
perspective. A B C is the coil of the multiplier, its ter- 
minal wires ending in ^e connecting cups, F F'. The 
coil rests on a plate, D E, which cea be made to revolve 
by means of a wheel and screw connected with the but- 
ton G. An astatic combination of needles is support- 
ed by the frame Q, M N, by a single silk thread, V L. 
To protect the instrument &om currents of air, it is cov- 
ered with a glass cylinder, It L, strengthened by brass 
rings, P S, Y Z ; K T is the basis on which the cylinder 
rests. The angle of deflection of the needle is t^en as 
the measure of the temperature. Of all thermometers, 
this is by far the most sensitive. 

I have introduced certain improvements in the cou- 
Fif. 133. , struction of the thermo- 



M-y 



<M)' 



electric element. 
a. Fig. 133, be a bar of 
antimony, and h a bar 
of bismuth. Let tbem 
be soldered along e d, 
and at d let the temper- 
ature be raised ; a cur- 
rent is immediately ex- 
cited, but this does not 
pass round the bars a b, 
inasmuch as it finds a shorter and readier channel through 
the metals between e and d, as indicated by the arrows. 
Nor will the whole current pass round the bars until the 
temperature of the soldered surface has become uniform. 
An improvement on thb construction is, therefore, such as 
is represented at a' £', which consists of the former ar- 
rangement cut out along the dotted lines ; here the whole 
current, as soon as it exists, is forced to pass along the 
bars. One of the best forms of a thermo-electric pair is 
given at a" b", where a" is a semi -cylindrical bar of an- 
timony and b" of bismuth, united by the opposite corners 
of a lozenge-shaped piece of copper, c. The heat is to fall 
on c, vrhicfa becomes hot and cold with promptitude, and 
determines u current. 

Besides the various sources of electricity to which I 
have referred, there are certain animals which possess 

mHf tho flimpLe tiionoo-elactrio pair b* Improred t 
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the power of coDtrolHng the equilibrium of the electric 
flaid m their neighborhood at will, being accommodated 
for thiB pu^Me with a specific nerroag appaiatua. The 
torpedo, a ^i living in tke Mediterranean, and the gym- 
notuB electricuB, which ia found in some of the fiesh-wa- 
ter streams of South America, have thia property. The 
shook of the torpedo passes through conducting bodies, 
but not through non-conductora. A gjmnotus which was 
exhibited in London was found to deflect a magnetic nee- 
dle powerfully by its discharge. A steel wire was mag- 
netized by it, and iodide of potassium decomposed. In an 
interrupted metallic circuit a spark was seen, aad the in- 
duced spark was also obttdned by a coil. The curront 
passed from the anterior to the posterior parts of the animal. 
Mr. Faraday, the author of Uteas experimenis, calculfttes 
diat the quantity of electricity passing at each discharge 
of the fish was equal to that of a Leyden battery contain- 
ing 3500 square inches charged to its highest degree, and 
this conld be repeated two or three times with scarce a 
sensible interval of time. 

As the electricity which these aniraalB discharge de- 
pends on their nervous action, the production of it is at- 
tended with a corre^mnding nervous exhaustion. It is, 
therefore, not improbable that the conTeree of these actions 
holds good, and hereafter it will be found that electricity 
reacts on the nervous fluid. 

In concluding this subject, I may mention a source of 
electricity which of late has excited much attention. When 
high-pressure ateam is allowed to Escape fi:om a boiler 
through a narrow jet, a powerfiil excitement is produced, 
and sparks many feet in length may be obtained. The 
effect appears to be due to the friction of minute drops of 
water against the tube through which the steam is es- 
caping. 

BjwhK ' 

by As ele 
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landed with a nervoof exhaiutiaaT '^Hiat u the cuua of fllecDici^ pip: 
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LECTURE XSXIII. 
The Nohenclatobb. — ^e French NomtMelatwe.—^ 
Tablt of Elementary Bodiet. — Nomendature/or Com- 
pound Bodies, Addt, Baset, and Salt*. 
Until after the diacovery of oxygon gas, the nomencla- 
ture of chemistry was very loose aod complicated. The 
trivial names which were bestowed on vanous bodies had 
frequently little connection with their properties ; some- 
limeB they were derived irom the name of the discoverer, 
or sometimes from tbe place of bis roMdence. Crlaub^ 
■ak takes its designation from the chemist who Ant 
brought it into notice, and Epsom salt fiom a village in 
England, in which it was at one time made. 

It ia obvious that such a system of nomenclature, a« 
soon as the number of compound bodies incTessed, would 
not only become unmanageable, but, by reason of the im- 
possibility of carrying in the memory such a mass of unctm- 
nected terms, ofier a very serious impediment to the prog- 
ress of the science. Lavoisier and bia associates, about the 
close of the last century, constructed a new nomenclature, 
with a view of avoiding these difficulties. Its principles, 
with some modificadons, are new universally received. 
The following is a brief exposition of it : 

Natural bodies may be divided into two classes, simple 
and compound; the former are also called elementary. By 
simple or elementary bodies we mean diose which have 
not as yet been decomposed. 

Among simple substances, those which have been known 
fin- a long time retain the names by which they are pop- 
ularly distinguished; thus, gold, iron, copper, &c,; and 
when new bodies belonging to this class are discovered, 

Wliit wu tbe natora of ths maiendBtare ojied bj the cdder dianiwti T 
When wu tbe (vKemiunT in lue mveutad? Whit u maurt bv aiiBpla 
— -' - -lyboaiMl Wliatiittw rule ftrtha old funpleliadlM) W^ 
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they are to »ceive a oame deecriptdve of one of their 
leading properties ; thus, chlorine takes ite name &oia its 
greenish color, and iodine from its purple vapor. It is to 
be regretted that this rule has often been overlooked. 

Some doubt exists as to the exact Diimber of the ele- 
mentary bodies. It may be estimated at 58, including 
three metals recently discovered, the titles of which have 
Hot yet been completely established. 

Ctf the list of elementary bodies, the metals form by &r 
the larger portion, there being 45 of tbem ; the remaining 
13 are commonly spoken of as nou-metallic substances. 
By some authors these are called metalloids, in centra' 
dbtincUon to the metals, an epithet which, however, ia 
very objectionable. 
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into tliree Kroupe ; acids, bosea, and saltB. Bj an acid 
we mean a Dody having a Boar taste, reddeAig vegetable 
blue colore, and neotralizing alkslies ; bf a base, a body 
which rofltoree to blue the color reddened bj an acid, and 
poseessing tbe quality of neutralizing the properties oi an 
acid ; by a salt, the body arimng from the union of an acid 
and a has*. These definitions, however, are to be receiv- 
ed with considerable limitation. 

The nomenclature for atnd substances is beat aeen fiotn 
an f sample. Thus, sulphur and oxygen unite to form aa 
acid: it is called sulphuric acid; the termination'in m being 
expressive of that iacL But very frequently two aubetances 
will form more than one acid, by uniting in different pro- 
portionB ; in this case the termination in out is used ; thus 
we l|ava eutpburous acid, so called because it contains less 
oxygen tban sulphuric. The prefix "hypo" is also used, 
.aainti^oft^phuronBandhyposutphuric acids: it indicates 
acids aontaioing /«M oxygen t^an sulphurous and Bulpburic 
acids. The prefix-" hyper" is used in the same way; thus, 
fcyperi^loric acid, ail .acid containing more oxygen than 
chloric acid. ^ 

With respect to bases, thfe-^neric termination is in ide. 
If osyjen and lead unite, weSigve oxide of lead, and in 
the same manner we have chloHdes, bromides, iodides, 
and fluorides. And if these elements fonntompounds in 
more proportions than tme, we indicate their proportion 
by tbe Greek numerals protoa, deutecos, tiitos ; thus we 
have protoxides, dsutoxides, tritoxides ; 4he protoxide td 
lead contains one atom of oxygen and Mb^f load, the 
deutochlorido of mercury two atoms of chlontu and one 
of mercujy, &c. In the same manner, the preffit« sub, 
sesqui, and per are used; thus, a suboxide contain&^be 
lowest proportion of oxygen, a peroxide the highest pi^ 
portion, and a sesquioxide intervenes between aprotoside 
and a deutoxide, its oxygen being' in the proportion of one 
atom and a hal£ 

By an alloy, we mean the substance arising from the 
union of two metals ; thus, copper and zinc unite to form 

Into wbatgTiniUDUjicompaimdbadiei be divided! WluUii iIm deS- 
nidDnof uBcidf Wliatuabue) WlutisBialtl Wluit do the ter- 
uiiuCiDiu jc and out indicate! WhstiithemeinineofthepreflxeiA}^ 
titdhfperT Wtut doea the tanninBtiaii ide ngni^ f What tbe pie&xea 
protot, imttroi, uid tritoi, nb, (Ojm*, iiiA.par? Whit ii an aUojr ui 
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brass, whi A is an alloy. If one of the metals is mercniy, 
the compovind is called an amalgam. And when sulphur, 
phoajdiomB, carbon, and selenium unite with met^s, or 
with each other, tha teAnination wet is used; ^ua we 
have sulphureta, phosphurets, carburets, As. 

With respect to the nomenclature for salts, the taimi- 
nadons ate and ite are Qaed to indicate acids in'ic and o»t 
Cespectively. The siJphate of potash contains sulphurio 
icia, and (he sulphite of potssn sulphurpua acid. And 
as we ha^e already seen that dlfierent oxides aiise by tha 
union of oxygen in different propoitions, and these bodies 
t frequently give rise to different series of salts, the opera- 
tion of the nomenclature may be readily traced ; thus, 
the protoeulphate of iron is the sulphate of Ae protoxide 
of iron, but the persulphate of iron is a Milphate of the 
peroxide, and the deutosulphate of platinum a sulphats 
of the deutoxide of platinum, W^en the relative quan- 
ta^ of the acid and base varies, Latin numenJs are em- 
ployed ; thus the bisulphate of potash contains two atoms 
of sulphuric acid and one of pottsh. 

Saks are said to be neutral if neither their atnd nor 
base be in excess. If the acid predominates, it is an vfid, 
m super-salt; if the base, it is a basic, or sub-salt. 



LECTURE XXXIV. 
The Symbols. — Failure of the Ntrmm^ltire in the Caae 
cf Complex Compotmdf. — Failure in Diffartntx of 
Grtmping. — SytrAaU Jar elementary Bodiet. — jEx^et' 
noiu Jor teveral Atomt. — Ute of the Flut Sign. — Ex- 
pretsiotujbr Qrotcpittg, 

So long as the constitution of compound bodies is sim- 
ple there is no difficulty in applying the nomenclature, or 
m recognizing from the name of the compound the nature 
and proptntions of its constituents. . Thus, protoxide of 
hydrogen clearly indicates a body in which cme atom of 
oxygen is united with one of hydrogen, bisulphate of pot- 
ash a body composed of two atoms of sulphuric acid and 

Wheu ia the tanniiutioii urtt empliq^ 1 WbtX So the tamduUkaia 

a< and ifc in-Vn*- 1 Wliat ii die aimeucUtare for ths *alt« 1 Wbat in 
■neotnlultt "Wh&t ia n icid, or inper-iilt 1 What ii a baiic, or lab- 
Mitt Dader nrhat drcnnutBiicM doei ths oomeai^ltnie qipl]', ud when 
dMtithilT 
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one of potasb, and even in more complicated cases, sogIi 
u die snlphato-tii carbon ate of lead, &c., tbe same prin- 
ciples will serve as a guide. 

But when compound bodies consist of a great number 
of atoms, tbe nomenclature ceases to be of any service, 
^hns, Btarcl( is composed of twelve atoms of carbcai, ten 
oPbydrcweD, and ten of oxygen. Fibrin is composed of 
- foity-ei^C atoms of carbon, tbirty-six of hydrogen, four' 
teen of oxygen, six of nitrogen, with minute but essential 
qOantitiM (S sulphur and phospborus. On the psinciples 
of tbe nomenclature, it would be difficult to give to tbe 
first a technical name, and in the case of the latter im- 
possible. 

The peculiarity of organic compounds is,~ that they 
contain but few of the elementary bodies, being chiefly 
made up of carbon, hydrogen, oxygen, and nitrogen ; but 
tbese, OS in the case en Jibrin, unite in a very complicated 
way, very often hundreds of atoms being involved. The 
nomenclature is therefore inapplicable toorganic chemisny. 

There is also another very serious difficulty in its way. 
It'hasbeen discovered that compounds may consist of the 
sftmo elements, united in precisely the same proportions, 
eo that when they are analyzed diey jdeld precisely the 
same results, and yet they may, in reality, be very differ- 
ent substances. Identity in composition is no proof of 
the sameness of bodies. Thus we may have tbe same 
elements uniting together in the same proportion, and 
yielding a solid, a liquid, or a gas indifferently. This re- 
sult may depend on several causes, as will be presently 
explained; but among these causesl may here specify vvbat 
is termed by chemists " Grrouping." Thus, suppose four 
elementary bodies, A B C D, unite together, there is ob- 
viously a series of compounds which may arise by per- 
muting or grouping them difierently, as in the following 
example : 

(1) A + B + C+D. 

(2) A C + B D. 

(3) A D + C B. 

&c. &c ' 

WbU it tiie pecnliarit; otorgamo calbpomidi ! Why it die ni 

tare iuapplicabtB to orRSii" -"■ — -— ^' ■■- !j— -j- e~ 1 

pnnf or tba identic ofbo 
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The method of symbols 'which ib designed to meet these 
difficulties, and is, in reality, an appendix and improve- 
ment upon the nomenclature, was originally introduced 
by Berzelius ; but the form which is now most commonly 
adopted ia that of Liebig and Poggendorff. The advan- 
tages which have been fouod to accrue from it are to 
great, that it is now introduced into every part of'chflmis' 
try, so that it is impassible to read a modem work on this 
science without having previously mastered the symbols. 

The student should not be discouraged at the mathe- 
matical appearance of chemieal fbrmulse. He will find, 
by a little attention, that they are founded upon the sim- 
plest principles, and involve merely the arithmetical 
operations of addition and mnltiplicdtion. The following 
is a brief exposition of their nature : 

Fca the symbol of an elementary snbstance we take the 
first letter of its Latin name, as is shown in the table 
given in the last lecture. Those symbols should be com- 
mitted to memory. But as it hap^ns that several sub- 
stances sometimes have the same midol letter, to distin- 
guish between them we add a second small letter. Thus, 
carbon has for its symbol G. ; cUorine, CI. ; copper (cu- 
prum), (h, ; cadmium, CU., &:c. It may be observed that 
in the case of recent Latin names the German synonym 
is always used ; thus, potassium is called kalium in Ger- 
many, and has for its symbol K.; sodium is called natri- 
um, and has for its symbol No., Sec. 

But a symbolic letter standing alone not merely repre- 
sents a substance ; it farther represents one atom at it ; 
thus, C means one atom of carbon, and O one atom of 
©tygen. 

If we wish to mdicate that more than one atom is pres- 
ent, we affix an appropriate figure, as in the following 
examples ; C„ . Hio ■ Om- Thus, nitric acid is composed 
of one atom of nitrogen united to Bve of oxygen, and we 
wiite it NO,. 

Whea a compoimd, formed of several compounds, is to 
be represrated, we make tise of an intervening comma ; 
thus, strong oil of vitriol is composed of one atom of sulphur 



WbU are tba rjmhdia lor 
gin with tiw i«iii8 letWr, hm, — . 
■ijule lyralnl itiuidiiw alnie reprei 
npraientedl How 5 the comma HnplOTed 1 
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tad tliree of oxygen, united with one atom of water, which 
is compoaed of one atoni of oxygen and one of hydrogen, 
and we write it S0„ HO. 

If we desire to indicate that compounda are united widi 
a feeble aSni^, we make nse of the sign + ; thus, the 
composition of sulphuric acid may be written SO,, or 
SOt+'O, the latter formula implying thBt one of the atoms 
of oxygen is held by a feebler affinity than the other two. 

When a large figure, or coefficient, is placed on the 
. same line as the symbol, and to the lefb of it, it multiplies 
that symbol as far as the first comma or + sign; or, it the 
-formula be plated in a parenthesis, it muttipliefa every 
letter -under Ae garentheeis ; ditta, SSOj, KO, SO or 
2SOt+KO+HO moan two atoms of sulphuric acid 
united with one of potash and one of water, forming the 
bisulphate of potash; but 2{SOu KO, HO.) would repre- 
sent two atoms ofasalt composed of one of sulphuric acid, 
one of potash, and one of water, the figure here multiply- 
ing all under the parenthesis. 

The advantages which arise from the use of these sim- 
ple rules are very great; we can, even with the most 
complex bodies, not only express their composition, but 
also the molecular arrangement, or grouping of their 
atoms ; we can foUow t^em liirough the moat intricate 
changes, and without difficolty trace out their metamoiph- 
oses. For example, andysis shows that alcohol is com- 
posed of • 

C., H,, 0„ 
but many fasts in its history lead us to know that its mole- 
cular coDfititution ia 

{CJI,)0+nO; 
that is to say, it contains a compound radical CJI^ to 
which the name of ethyl has been given, and this fact 
being understood, we s^e at once that upon the principles 
of the nomenclature the true name for alcohol is the hy- 
drated c«ide of ethyl ; mtnreover, alcohol is derived by 
processes of fermentadon from sugar. The constltntion 
t^ dry grape sugar is 

a« H,. o„. 
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Tliia complex atom, under the influence of active yeaat, u 
split iuto 

2(0,^,0.) MCO,), 

that ia to say, into two atoms of alcohol and four of cai • 
bonic acid gas ; and, accordingly, we find, during fermen- 
tation, that the sugar disappears, alcobol forming in the 
liquid, and carbonic acid ga» escapes. 

The student should accustom himaolf to tho transladoii 
of the nomenclature into symbols, and symbols into ths 
nomenclature, in cases wbere it is possible, for it is abso- 
lutely essential that he should be perfectly familiar with 
the process. 



LECTURE XXXV. 

The liAws or Coubination. — Lato of Fixed ProportUma. 
— Ni^nerical Law. — Multiple Late. — Modes ofexj^eu- 
M^ CompotUum. — Proportion*, Equivalentt, and Atomic 
Weighti. — Relation betioeen Combining Volume* and 
Atomic Weight*. — Table of Specie Oravitiet and 
Atomie Weighe*i 

It has been shown.Tii the first and second lectures, 
that material substances possess an atomic constitution, 
and all the phenomena of^ chemistry bear out this conclu- 
sion. It follows, therefore, when substances c<mibine 
with each other and give rise to new products, the union 
takes place by the atoms of the one associating themselves 
'with toe atoms of the other, and as these atoms possess 
weight and other properties which are specific, there are 
certain circumstances, easily foreseon, which must atteod 
such combinations. 

Ist. The constitution of a compound body nnist always 
be fixed and invariable. This aiises from the fact of the 
unchangeability of the properties of atoms ; one atom of 
water will always be composed of one atom of oxygen 
and one ofhydnwen; one atom of carbonate of limevTiIl 
always consist of one atom of carbonic acid and one ol 
lime. Or, more generally, if a good analysis of water has 
shown that nine gr^ns of that substance contain eight 
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grains of oxygen and one of Hydrogen, every eubgequent 
analysis will correspond tberewitli. 

2d. The proportions in whicb bodies are dbpoeed to 
unite with each other can always be represented by cer- 
tain numbers ; these numbers being, in fact, itio relative 
weights of their atoms. Thus water is composed of an 
atom of oxygen and one of hydrogen, and inasmuch as 
the oxygen atom is ei^ht times heavier than that of hy- . 
drogen, it necessarily follows that in every nine parts of 
water we shall have eight of oxygen and one of hydro- 
gen. These numbers are, therefore, spoken of as the 
combining proportion or equivalents of the substances 
to which they are attached. If, farther, we examine, 
whan' oxygen and sulphur unite, what are the relative 
quantities, we shall find that eight parts of oxygen com- 
bine with sixteen ei sulphur, forming hyposulphurous 
acid. And if sulphur and hydrogen unite, it will be found 
that sixteen of sulphur combine with one of hydrogen. 
In this manner, by examining the various elementary 
bodies, we find that Certain numbers are expressive of the 
proportions in which they are disposed to unite, and these 
numbers represent the relative weight of their atoms; 
dius, if I be taken as the atomic weight of hydrogen, that of 
oxygen is 8, that of sulphur 16, &c. ; the atomic weights of 
the elementary bodies nave been given in Lect. XXXIII. 

3d. If two substances unite with each other in more 
proportions than one, those proportions bear a very simple 
aritumetical relation to one another; thus, li gi'aina of 
nitrogen will successively unite with 8, 16, 24, 32, 40 
grains of oxygen, forming successively the protoxide of 
nitrogen, the deutoxide, hyponitrous acid, nitrous acid, 
and nitric acid. And when the numbers expressing the 
amount of oxygen are examined, it is seen that they are 
in the second twice, in the third thrice, in the fourth four 
times, and in the fifth five times the amount of the first j 
they are, therefore, single multiples of it. The reason of 
this is plun when we write the constitution of these bodies 
in ^rmbols; they are saccessively, 

NO.. NO^ . . NO, . . NO, . . NO^ ; 



n reprenent? 
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and if one atom of oxygen weighs 8, tiCD must weigh 16( 
three 34, four 32, Sec; the multiple law, therefore, is s 
necessary consequence of the combination (^ atoms. 

Observation has shown that there are two seriefl ac- 
cording to which bodies may unite with each other. 

(I.) 1 uomof AmBynnite witb 1, S, 3, 4, I^ ftc., ■toma ofB. 
(3.) 1 «om of A m»y unite with i, 1. If 2, Si, 3, it, aloDU of B. 

But as an atom ia indirisible, there can be no soch 
thing as a half atom; oouseqnently the second aeries be- 

(3.) e Btomi {€A maj unite with 1, % 3, 4, S, &c., atom) of B. 

Tbe three ibregoing laws are known under the name 
of the laws of combination ; they are the law of definite 
prMortions, the law of numbere, and the multiple law. 

There are three ways in which the composition of a 
substance may frequently be expressed: 1, by atom; 2, 
4>y weight; 3, by volume. Thus, tbe constitution cf wa- 
ter, by atom, is one of oxygen to one of hydrogen ; by 
weight, it is one of hydrogen to eight of oxygen ; and ay 
volume, two of hydrogen to one oi oxygen. These dif- 
ferent modes of expression involve nothing contradictory ; 
they are all reconciled by the statement that the atom of 
oxygen is eight times aa heavy as that of hydrogen, but 
only half the size. 

By some anthois the terms combining proportion and 
equivalent are used ; they have the same signification ea 
atomic weight. And as we know nothing of the absolute 
weight of atoms, but only their relative proportions to 
each other, we may select any substance with which to 
compare all the rest, and make it our unit or term of com- 
parison. In this book hydrogen is employed for this pur- 
pose, and its atomic weight is marked I ; on the Continent 
of Europe oxygen is selected, and marked 100. It is 
obvious that this does not affect tho relationship of the 
numbers, for it is the same thing whether wo state the 
atomie weights of hydrogen and oxygen as 1 Co 8, or aa 
12^ to 100. 

Whiit BTB the two Mriej io wHcb bodiw m«y mdte 1 In what wajn 
BUT Oie oamporitum of a. body be frequenay eimej.ed 7 How ii the tp> 
parent o<mtr«dfction(rfaieieiMtamenW«ooiifflIedl What do proportiDn 
imd eqinvilent Mgnifrl What is tho labBtajico witii which all ottien 
mm OMipired GsttMir atomic wrigtia in thjl )>oek) What Mher ttukd- 
■rda might be empk^ed 1 



Digniod^yGoOglc 



154 SPSOlFIC d^AVITIBS AND ATOMIC WBISBTS. 

CombinBdons may take place in two different waya j 

ns; 2d, in indefinite groportions. 

,11 the foregoing obBcrvationa and 

of hydrogen will not unite with 

ixygen, hii only with eight. Bui 

le may combine with one of wa~. 

, quart, or ton gallons. This ii 

nion in indefinite proportiona. 

idies unite, their combining pro- 

lation to each other ; one volume 

[ one of chlorine, and produces 

two volumes of iiydrochloric acid. And in the case of the 

five compound of nitrogen just referred to, two voluraea 

of that gas combine successively with 1, 2, 3, i, 5 o( 

oxygen, 

A relation, therefore, exists between die combining 
volume and the atomic weight of gaseous bodies. If the 
■weight of a given volume of oxygen he called 1000, thttt ■ 
of an equal volume of hydrogen will be 625, these num- 
bers representing, of course, the specific gravity of the 
two gases. The proportion in which they unite ia one 
volume of oxygen to two of hydrogen to form water; the 
relative weights of these quantities, therefore, would he 
100-0 to 6-25x2, that is, 1000 to 12-50, but these num- 
bers are the atomic weights of the bodies respectively. 
From such considerations, it was at one time supposed 
that, in the case of all gases, the specific gravities would 
correspond to the atomic weights. Experience has, how- 
ever, shown Aat this' is not the case, as is seen in the 
following table : 



"■ib«i 0>7P°AetiCBl) . 

BporalnQ ..... 
UoFcory ..... 

PboaphorDi .... 
Anenio 



What are die two modes of cmolnnalvni T 
whensaiei rambiike tyndamet WbUiiit 
tnTiOM and amnU mUhM t 
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From this it is eeen, that if the cotabtning volume of 
hydrogen, nitrogeD, or cbloriae be taken as unity, that of 
oxygen is oae half, of vapor of phospbonis one foujrth, and 
of vxpor of sulphur one sixth. 



LECTUKE XXXVI. 
CoNBTiTiTTiON OF Bodies.-^ Calculalvm of Specifie Orav- 
ities. — Cryttallizalion. — Sy>tan» of CrytUd*. — Dimvr- 
phiam. — hemiorphiam. — ItoTiwTphov,* Groi^t. — Iti>m«r- 
Urn. — Metameric and Polymeric Bodiet. — AUotrvpic 
Stata of Bodiei. 

On the principles which have just been developed, we 
can often calculate the specific gravity of a compound gaa 
with more accuracy than it can be determined experi- 
mentally. Thus, hydrochloric acid, wbiob consists ot 
equal volumes of chlorine and hydrogen united, without 
condensation, must have a specific gravity of 1'2695, be- 
cause the specific gravity of hydrogen being 0'0690, and 
that of Chlorine 2-4700, the sum of which, 3-6390, is the 
weight of two volumes of hydrochloric acid, and, there- 
fore, if we divide by 2, the quotient, l'S695, is equal to 
the weight of one volume ; or, in other words, the specific 
gravity of the compound gas. 

Sometimes, also, we can determine the specific gravity 
of a vapor by calculation when it is iMiposaible to do so 
experimentally. Aesumiug that one volume of carbonio 
acid gas contains one volume of oxygen and one of cwt- 
bon vapor, we have. 

Specific gravity irf' carLanic >dd . • . 1-S33S 

" " oiygen 1-10S5 

" . " cetbon Tspor - . . -^SIS 

The hypothetical specific gravity of the vapor of carbon 
is therefore -4213. 

The rule fiir the calculation of specific gravities, on the 
foregoing principles, is, " Multiply the specific gravities 
of the simple gases or vapors respectively by the volumes 
in which they combine, add those products together, and 

Hownwythe (peciflcgraTityrf mcompoiindgMbe detenninodT How 
ii An hypothBticd tpeoBa gmrity ot tha vapor of c«rbondetenmaedT 
WbU ii the role Ibr tbe uelcDlatku of the ipwifio gnTitwa of oraDpoand 
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divide the sum hy the number of volumes of the oompounJ 
gu pro^aced." 

It frequently happens that eubatancea assuming the 
solid form, from the liquid or vaporous states, take ou a 
geometncal figure, being terminated by sharp edgea'and 
solid angles; under such circumstances, they aie saii to 
crystallize. Thus, common salt will crystallize in cubes, 
(uid nitrate of potash in six-sided prisms. 

The various geometrical forms which crystals can thus 
Msume may be divided iuto six classes, or systeins : 



14. The UiehC Fnsnulic lyBtam. 

(S. The Oblique Priemitic sjitem. 

(6.) The Doably Oblique FriBmalic tjttem. 

This division b founded on the relations of ceitun lines, 
or axes, v^hich may be supposed to be drawn through the 
center of the cirstal round which its parts are symmetri- 
c»lly arranged. 

THE RBGDLAR STSTEU. 

This has three equal axes at right angles to each other. 

Fig. m. 



The letters a a show the direction of the axes. The 
figure (Fig. 134) represents, 1. T%e cmBe; 2. Regular oc- 
tahedroni and, 3. Rhombic dodecahedron. 

THE SQUARE PRISMATIC BTSTEU. 

This has three axes, two of which are equUl, and the 
third of a different length. 

o a is the principal axis ; h h the secondary one. In 
die figure (i%. 135), 1 is a right tquare prism, with the 
axes on the center of the sides, i b; 2 is a right square 

mat are the lii ivatemi of ciystBBiiation 1 Upon what Ikct ia Hiii 
fflyuion linindfld 1 In the regnlar «vrtem, what ii Iha reUHon of the axe* 1 
IB the iqaare prumatic ■j'sten^ what in their relation I 
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k^ 



priim, with die axes in the edgeg ; 3 and 4 correspoiiding 
right tquare oetahedroni. 

THS KIOHT PKISHATIC STBTEH 

has three axes, a a, b b, e c, of unequal lengths, at right 
angles to each other. 



<r3t 




In the figure (JV]j. 136), 1 is b. right rn^angvlar pritm ; 
2. Right rhotnlic prism ; 3. Right rectangvlar hoMtd oeta- 
hedrtm; i. Right rhombic hated octahedron. 

THE •BLIQUE PRISUATIC srSTEM 

has three axes, which may be unequal; two are placed 
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Bt rigbt angles to each other, and ihe third ia obhque to 
one and perpendicular to the other. 

In the figure (Fig. 137), 1 is an oUtqiie rectangular- 
prism; 2, Obliguerhonihie prum ; 3. Oblique rectangular 
bated octahedron ; 4. Obli^^ue rhombic ba»ed octahedron. 

THE DOUBLY OBLIQUE FBIBMATIC BYBTEU 

has three axes, which may be all unequal and all oblique. 




In the figure (Fig. 138), 1 and S are doubly obligue 
pritm* ; and 3 and i doubly oblique octahedron*. 

TBE RHOMBOBEDAAL SYSTEM 

has four axes, three of which are equal in the sania 
plane, and inclined at angles of 60° ; the fourth, which is 
the ptincipal axis, is perpendicular to all. 

Fit. 13B. 




Inxhe&gare I Fig. 129),lia ihe regular nx-tidedpnm; 
Z,&e dodecahedron; Z, BJtombokedron ; i. another dode- 
cahedron. 

It ofi^en happens, owing to a change in the deposit of 
new matter on a crystal while fomaing, that other figures 
than the ^oper one are produced ; thus, the cube may 
pass into the octahedron, as shown in Fig, 140. 



;,Googlc 
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The efiect may, perhape, be better conceived by imagiD- 
ing tbe solid angle of the cube 1 to be cut off by planes 
ttfually inclined to the constituent &ces. 2 represents an 
increased removal of the same kind; 3 one still farther 
advanced. 

Sometimee it happens that each alternate plane of a 
, crystal grows at the expense of the adjacent one, giving 
rise to KemiAedral, or half-sided crystals, as is shown in 
JF%. 141, which represents the tetrahedron, arising in this 
manner from the octahedron by the growth of each alter- 
nafc face. I, The octahedron parti^ly modified; S. The 
change farther advanced; 3. The tetrahedron completed. 

Fig. Ill, 



The angles of crystals are measured by goniometers, of 
which there are several Ptg. i«. 

kinds; asthe common goni- 
ometer, and Wollastonsre- 
flecting goniometer. This j 
instrument is represented 
in Fig. 14a. The crystal 
to be measured,_/^ ia fixed 
npon a movable support, 
d, which is in connection 
with the button -headed 
axis of the goniometer, o, 
which passes through a lar- 
ger axis in the upright, b. 
a is a divided circle, and 
e its vernier, which is fixed immovably on the upright, i. 

w IT* they piodneedT Daiorib* 
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The edge of the crystal, which is formed by the two fe- 
ces whose inclination is to be measured, ig to be set par- . 
allel to the axis of the instrument ; and having, by means 
of the button, o, turned the crystal until some definite ob- 
ject, such as the bar of a window, ia seen distinctly reflect- 
ed from it, the larger milled head is turned, and with it 
the divided circle and crystal, until the same object i« 
again seen by reflection from the second face. The an- 
gle through which the great circle has moved, subtracted 
from 180°, gives the angle included between the two crys- 
talline &cea, or their inclination to each other. 

As a general rule, the same substance, crystallizing un- 
der the same circumstances, will produce crystals belong- 
ing to the same system. Cases, however, are known m 
which the same substance belongs to difierent systems. 
Thus, sulphur will crystallize in rttombic prisms, and also 
rhombic octahedrons. By dimorphous bodies we there- 
fore mean substauces which will afford crystals belonging 
to two different systems. 

Dimorphism is frequently connected with the tempera- 
ture at which the crystals were produced. Thus, carbon- 
ate of lime, at ordinary temperatures, yields rhombohe- 
drons, but at the boiling point of water right rhombic 
prisms ; and with this difforonce of form a difference of 
chemical qualities may occur; the bisulphuret of iron, 
for example, crystallizes in cubes which remain unacted 
upon by water or air; but in its right rhombic ibrra it un- 
dergoes rapid oxydation in moist air, producing sulphate 
nf iron. Commonly one of the forms of a dimorphoua 
body is less stable than the other, and if the transition 
takes place abruptly, it is sometimes attended by a fiash 
of light. 

It was discovered by Mitcherlicb, that when different 
compound bodies assume the same form, we are often 
able to trace a remarkable analogy in their chemical com- 
position. Thus, the chloride of sodium, the iodide of po« 
tassium, the fluoride of calcium, &c., crystallize in the 
first system. These substances are all constituted upon 
a common type, in which we have one atom of a metal 

neut by duoorpboiu bodies! What effect Hh tempentnre od 
in of cr^Mli 7 la dimorphinn connected with pecnlUritiei in 
d qiiBlitiei of bodiaa ! Whit relUuni ii there In the fbrio and 
' T 
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nniled to one atom of an electru-negative radical ; or, 
taking Jlf as the general symbol for the metals, and R for 
the electro-negatiTe radicals, the class is constituted upon 
the type 

M, R, 
and, therefore, includes such bodies as 

KCl..NaCl..KBr..KF..CaF.AmC!...&:c. 
Such substances are called isomorphous bodies, and the 
designations, isomorphous elemonU, isomoiphous groups, 
are used, being derived from i(7of, equal, fiap<pi], form. 

Let us take a second more complicated case. The 
fonnula for common alum, the sulphate of alumina and 
potash, is, 

KO. SO, + Al,0,.3S0,+mHO. 

AmO, SO,+Al,0,, 3SO, + i*HO. 

KO. S0, + Cr,0„3S0, + a*H0. 

KO, SO, + Fe,0„aSO, + iHUO. 

And in the same way an extensive family of alums may 
be formed by the substitution of a limited number of van- 
oua other bodies comprised in the general formula, 

mO, iSO, + JH; 0„ 3S0, + 2iHO, 
in which m represents any metal belonging to the potas- 
sium group, and M any one belonging to the aluminum 
gronp. 

All these alums crystallize with the same form, and 
such illustrations afford us reason to believe that that sim- 
ilarity of form is due, in a great measure, to the grouping 
or arra/ngemetit of the constituent atoms ; that in a com- 
pound molecule the >uitla»ce» which can replace one an- 
other without giting rite to a change of external form mutt 
have certain relationthipt to each, outer. We call them, 
therefore, isamorphoui. The following ten groups have 
beeo established : 

Beiqaioxide of Aotimo- 



Alnmiiis Ah Oa 

Bawjoiaxide of Iron . Fet Oi 
Chromiam Cm Ot 



Why ere they caBea iKnnoiphoni bodiei! Give an example of \ta- 
moipbum in the cms of the unnu. What niienl coaclaiioa mKy be 
drawn (mm flieae beta T How many uamoiptiOD* gnrnpi have beeu d*> 
teniiiied I BDunente tlie memben bsloi^iiig to eadL 



:.Googlc 



162 ISOMEBISM. MBTAMSaiC AND FOLTMcaiC BODIES 



HfpernuuiEB: 
Hypercbloric 



1 . . . SOi 

. . . . BtOa 

. . . . CrOa 

I . . . MnOs 

Ic Acid . Mm (h 



Ago 



Bwyt. 


BaO 


SWODd& 


8rO 


Oxide of Le>a 


CaO 
Pb.O 










PWcsideoriraD . . 


•df! 




MhO 






Cobalt . 


CoO 


Nickel . 


NiO 




CaO 











SilMofPotaili . . . K.O 
Bdti (rf Oxida of Am- 

rafloiam Am O 

From the external forms of bodies 
•M their internal constitution, calUns 
been already observed io Lecture XXXIV., that identity 
of composition by no means implies identity of character. 
Two substances may be composed of the same elements, 
united in the same proportious, and yet be totally unlike ; 
and it is obvious that tlus may be due to two difierent 
causes : 1st. Difference of grouping ; Sd. Difference id 
the absolute number of atoms. 

Difference of groupins I have already explained ia the 
lecture just quoted ; and with respect to diSerence in the 
absolute number of atoms, the efiect is obvious &om an 
example. Thus, we have as the constitution of 



And these bodies, if analyzed, would, of course, yield pre- 
cisely the same proportions in 100 parts, the true differ- 
ence beiug; that the atom of acetic ether contains twice 
as many constitnent atoms as that of aldehyde, and is, 
therefore, exactly twice as heavy, though equal weights 
of the two will yield equal quantities of dieir constituents. 
To these peculiarities the term isomerism is applied, 
and by isomeric bodies we mean bodies composed of the 
same elements in the same proportion, but differing in 
properties. When isomerism arises firom difference in 
grouping, the bodies are said to be metaraeric ; and when 

What twD cuaei ma,}' give to bodisB of Sbe aune corapoaituiD diffsmil 
^Mraoten ! QiT« an eiionple of tha eBict oT difference of tbe abnlnta 
oamber of ttianii. What ii meant b^ iMKnerlim T 
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it arises &um diffei'ence in Ae absolute number of atoms, 
they are called polymeric. 

Attention has recently been drawn to a third cause, 
-which gives rise to the phenomena of iaomeriam : it is the 
allotropic condition of elementary bodies. Carbon, for 
example, exists under a number of diSerent forms ; we 
find it as charcoal, plumbago, and diamond. They difier 
in speciiic gravity, uj specific heat, and in their conduct- 
ing power as respects caloric and electricity. In their 
rehitions to light, the one perfectly absorbs it, the second 
reflects it like a metal, the third transmits it like glass. 
In their relation to oxygen they also differ surprisingly ; 
there are varieties of' charcoal that spontaneously take 
fire in the air, but the diamond can only be burned in 
pure oxygen gas. The second and third varieties do not 
belong to the same crystalline form. 

It is now known that a great many elementary substan- 
ces are affected in this manner. I have shown that this 
is the case with chlorine gas, which changes under the in- 
fluence o£ the indigo rays {Phil. Mag., July, 1844). In 
die same manner, it has been long known that iron exists 
in two states : 1st. In its ordinary oxydizable state ; 2d. 
In a condition in which it simulates the properties of pla- 
tinum or gold. 

Thera can be no doubt that these peculiarities are car- 
ried hj these bodies when they unite to form compounds ; 
'thus, for esample, if carbon and hydrogen unite, it is pos- 
sible we may have three different compouuds ; one con- 
taining charcoal carbon, a second plumbago carbon, a third 
diamond carbon ; or, if we designate these respectively as 
Ca, C3, Cy, v^e may have 

CaH...CI3H---OyH; 
tmd perhaps, as M. Millon has suggested, carbureted hy- 
drogen gas and otto of roses, which have the same con- 
stitution, differ, in the one containing charcoal and the oth- 
er diamond. 

These peculiarities are known under the name of allo- 
tropic states, and the phenomenon itself under the desig- 
natioti of allotropism. 



luon of bodiei ? What lUotnipib m 
ui inpbopM: duoKs be inqmued cm 

iu tha ccTmpcnudjI 
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CHEMICAL AFFINIrr. 



LECTURE XXiVII. 



Chehical Affinctt. — Phenomena aeeompctnying Chemi- 
cal Affinity. — Ditturhantx ofTemparatu^e. — Production 
ofJAght. — Evolution of Electricity. — Change of Color. 
— Change of Farm. — Change of Chemical PTopertiet. — 
Change of Volume and Density.— Table* ofGeofroy.— 
iietuure of Affinity. — Diaturbing Caasu. 
Bt chemical aifinitj we mean the attractioii of atoms 
of a disaimilar Datura for each other, an attraction which 
b exhibited upon the apparent contact of bodies^ 

There are certain sinking phenomena which Very fre- 
quently accompany chemical action. They are the evo 
lution of Light, Heat, and Slectricity; oaA, as reapecta 
the bodies engaged, they may exhibit changes of color, of 
form, of volume, of density, or of their chemical proper- 
ties. 

, Ke-w. If, in a glass vessel, a {Fig. 143), a mixture of 
^ "^ atrong^sulphuric acid and water be stirred togetl>- 
> er by means of a tube, &, containing some sul- 
phuric et^ter, so much heat will be evolved by 
the acid and water as they unite, that the ether 

will be made to boil rapidly. 

If, upon aome water contained in a shallow dish (Fig. 
tig. 1*4. 144), a piece of potaseium be thrown, the 
potassium decomposes the water with the 
evolution of a beautiful lilac flame. 

ts respects the evolution of electricity 
" during chemical action, the Voltaic battery, 
and, indeed, all Voltaic combinations, are ex- 
amples. In the simple circle we have already, in Lec- 
ture XXVIII., traced the production of electricity to the 
decomposition of the water. 

We have observed that the ©volution of the imponder- 
able agents is not the only phenomenon to be remarked 
during the play of chetnical afiinity, the ponderable sub- 
stances themselves undergo changes. 

AVbat is meuit ^ chemicBl afflnilyT Wh>t pbeDCmfBn aoodiiipu^ 
diemipd action 1 whu chanaei are eiMbiCsd by Ae poadmsbta bodiM 
flieauelTeat QirenxampleiiJllieevolatiDn of het^ HgU, and electriid^. 
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lij in ft glass cooCaimng litmus water, a. drop of sul- 
fihivic acid is poured, tbe bhe'color of the litmus is U 
onee efaaBged to a red, and if iato tlte reddened liquid so 
produced a little aKuflonia is poured, tLe blue color ia 
restored. Thia simple experiment is of considerable ia- 
terest, for tbe reddening of litmus b commonly received 
to one of the attributes of add bodies, and the restoration 
of the blue color of those belonging to the alkaline type. 

On adding to a solution of sulphate of copper a small 

Quantity of aUvaonia, a pale green precipitate is thrown 
own; a greater quantity«fwnmoniar0i&sBolves this pre- 
ci[ntate, and gives rise to a splendid purple solution. 

A similar solution of sulphate •£ copper giveti rise. Un- 
der the action of a solution of ferrocyanide of potassium, 
to a deep chocolate-coloied precipiRite. 

A solution. of the nitrate of lea^ which is colorless, act- 
ed ont>y a solution of iodide of potai^sium,, also colodess, 
gives rise to the- production of a beautiful yellow precipi- 
tate, the iodide of lead. 

And, lastly, if sulphuric acid be placed in a solution of 
a soluble salt of lead, or of bacyts, a white precipitate ft 
once goes down. 

These are all instances of changes of color, and such 
changes are of,the utmost importance in practical chem- 
istry, inasmuch as the art of testing defends, for the most 
part, upon a knowledge of them. 
' Changes of form in the same manner are exhibited ; 
thufl, when gunpowder explodes, a large proportion of the 
ingredients, from being in the solid, escapes in the gaseous 
state. If, upon fragments of chalk, carbonate of lime, we 

Zr hydrochloric acid, a violent effervescence takes place, 
to the escape of carbonic acid, which, from being in 
the Bvlid, assumes the gaseous form. 

The converse of this is sometimes seen, va- ^- \**- 
pora passing Into the solid state. In the glass, 
a i^^tg- i-i^)r place some strong hydrochloric e 
acid, and in b some strong ammonia; both these 
bodies yield vapors at ordinary tempenitures '•■ - 
abundance, and those vapors meeting in the 
over the glasses, give nse to a dense fume, or smoke, 
wiiich, if examined, proves to be solid sal ammoniac 

a Bximplei of cbuiKei of color. On what 3o the proceiiM of 

- ' — ^e DKUt put depend I Qitb an ' — ''■' ■ — ^ • 

■olid, ind > lolid &am gMci. 



«itiiig for the moat put depend t OivB aa enmple of tlM pro^utioa cf 
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Very often cliabge at form is Aeeo^i^wtied 
by change of colo^; thus, if tiiider a Ititge bell « . 
jar {f^g. 146) there bo placed a wine^lftsB ' 
containing a few copper «r iiroii nails And wric 
add, a gas of a. deop ortn^-fiolbr-mt^e^ )U ' 
. ^pearance, filling the vhole belT 
' Perhaps no better instance of an entire ' 
if properties could be cited dtm that of the com- 
buition of phosphorus in atmospheric air. , This si4fstaiA» 
Tig. 1«T. phosphonis is a body of 5 waxy appear' , 

ance, possessing ao great a diegree ra «nn- ' 
bustibility that it requires to be kept-un- 
der the siy^ace of water to prevent ^le a©- ' 
Uon of the air. If a piece of tl be set on 
fiie beweatha clfar and dry beil jar, bs 
shown in Fig..li1, it unites with great , 
env^ with the oifygen of (he idc^Hded 
air, jtroducing white nake% which, as the 
combustion is ceasing, descend in the jar, giving ,a min- 
iatui'e represeatation of a fall of snow. On eqjiecting some 
of this phosphoric snow,.itsj)roperties will he found to be' 
ia etriking contrast with the phosphorus which produced 
it; for instance, Sax tr^m being unacted on by watcTi^it 
has such an intense affinity for that substance, that it, 
hisses like, a red-h«t iron when brought iff contact. witJi 
^ It reddens litmus solution, and possesses the Quali- 
ties of a powerful acid. Nor is the change confined to 
the phosphorus-; if we examine the air in which il «[sa 
burned, we find it has lost its quality of supporting com' 
bustion. p ■ ■ . * 

Changes of volume, and, consequently, changee of dens- 
ity, constantly att.end chemical action ; apintiu water and 
a pint of sulp'huric acid, mixed together, iorm leaa than 
two pints ; and the same may be observed of alcohol and 

When to two substances already in union, a third, hav- 
ing a stronger affinity for one of the other two, is present-' 
ed, decomposition ensues. Thus, if to the carbonate <^ 
soda nitric add be presented, the soda and nitric add com- 
bine, and the carbonic acid is driven off in the form of a 
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^s. And. snia, if u|Kai tbe nitrate of soda so produced 
sulphnric aciil Tb poured, (he nttrio aeid iB driTen oS) and 
«u^t>^e ofsodaKMlu. It was at (Aie dbie tboneht that, 
« by vzaBunins' a Duifiber a£ such oases, we might oiuorer 
■ Tbe Twdef t>f afShity of bodies for one another and amnge 
them fa tables f these are Bometimes called tbe Tables of 
QeOffiny, ThoB, the t^e 



SolphDri 



presents ji^iVith the order in wttch a numSer of a^d« 
stand in relation to soda, the most pewerii)] being the first ' 
on The Hst, and the salt which reiults ttxia the aoian of 
anyone of those ,addB with the soda can be decotnposed 
\fy the use of any other ^cid staading higher en the list. , 

1 ,3ut it is now known that th^pa tables are far ^m*T6p- 
resenting As or^Sr of-ttffinities4*» weaker affinity ofun 
oVbrcomes 'A sOnngCir by FMls»n of'the interveotim of 
disturbing! exfraneoos causey ; aq^-t^ee sa constructed 
ieadilh^refor^to ^oBtradictory conclusiqas. SonM. very 
sin^e (^nsiderations may illustrate this. Potassium caa 
lake oxygen from carbon at low temperatiAes, or, in other 
words, decompose carbowc acid gas, but it by no. means 
fbllovra that the affinity, of pot^eium for oxygen is n-eU- 

• er than th&^ of carbon, andwaoc^rdingly we find that at 
; higher l&mperatare a carbon can take oxygen ftota potas- 
sium.- Indeed) under tbe influence of heat, ligb% and 
electricity, we find all kind» of chemical changea goin^ 
on, and in the same manner the tymdido'n of form exern 
a reoaarkable influence in these respects, eo that cohesion 
and elasticity may be'plaeed ataong the predisposing caus- 
es produciiig %emical reaults. If a ni^mher' of bodies 
exist in a solutimi together, they ^11 at once arrange 
themselves in sUch a' way under tbe influence of cohesion 
aa" to produce insoluble precipitates, if that be possible ; 
or, under the influence of elantcity, to determine the ero- 

Wliat are tbe table* of OeoKo; f Haw may U be ibawa diat Uieia 
■n qot tablet of affiiil; 1 Wtaat may be emuD^tted tntODg tbeie dia- 
toilniw cmuea T Wliat is the iofiaeiice of oohenoa 1 Wbat ja the iofls. 
•■OTCCalutiQt; T aWa uampleaof tbaictiaaafwaMdutiuUngigMti. 
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lution of a gas; if the carbonate of aoila'ia decomposed 
by acetic acid, it by no means follows tlikt the letter baa 
tbe stronger affinity for soda, tbe dvcomposition being 
probably determined by the fact that tbe carbonic ofid 
COB take on the elastic form and escape away as a- gas. 
The solphate of soda may be decomposed by baryta, the 
cause of the decopiposition being probably due to cohe- 
siflQ, for the sulfhate of baryta which Tesalts ie a very in- 
soluble body. We have, therefore, no tme measure of 
affinity, for the relaljoa of bodies in thlsT-espect changes 
ititk •xtergal condidona, and the tables of Geof&c^ are 
only tables of the order of decompositions, but not of the 
order of affinity, , 

Wbu d» Hie tiUM of Geoffiogr, te Miditr, expreH T 
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PART III. 

INOBOANIC OSEMISTRT. 

LECTURE XXXVIII. 
Pneumatic Chehistrt. — Ancient (^>inun» m rtc Cbti. 

stittOtM of the Gates. — Doctrine tfOie Unity ^Air. 
OxTBBN &tK. — Model of Preparation. — Propertiet, — Ori- 

gin cfit» Name. — Relatione to Atmaepherin Air and 

Comhuttion. — Burning of Metal*. 

In the catalogue of the eFementary bodies of the an- 
cients four substances were inclndad, eartb, air, fire, and 
water. Th« progress of knowledg^e has shown that three 
out of the four are compound bodies. 

For a length of tiioe it was supposed that the varioua 
exhalations and vapors we« nothing more than vitiated 
£mns of atmospheric air ; and thou^ from time ta time 
frst one aad then another c^ the gaseous bodies was dis- 
covered, chemists were slow to admit that they were any 
thing more than modifications of one common principle. 
Thus, Roger Bacon, in the thirteenth century, discov^ecl 
one of the carburets of hydrogen, and Van Helmont, in 
the sixteenth, carbonic acid. The invisibility of these 
bodies, their remarkable chemical relations in extinguish- 
ing flame andjvoducingdeath, the great mechanical force 
to which th^ often gave rise when generated in pent-up 
vessels, their occurrence in tniites, the bottom of wells, ia 
church-yards, and Icnely places, sugveated to a supersti- 
tious mind a supernatural oiigin, and Van Helmont ^ve 
dmn the name a( gas, corrupted from gahst (or geiat), 
which signifies a ghost or spirit. 

B«tt it 18 to (he researches <m the properties rf fixed air, 
which Black made about I7S0, that pnewnadc cbemistzy 
owee its origin. These were soon follpwed by the dis- 
coveriesQfFries^,Sdiede,imdethetn. Th^ofoxygen 

WbU OBinuHti wars fimnarly held raipscdag tha dSeredt guut 
Wfastwulfaegrigmiliini^uionoftiiaMiniHt By vhera «u ihs 
^XMna at the plnrili^ Ot liii eiMbUihed I 
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gaa, by the former of these philosophers, in 1784, forerer 
aestroyed the ancient notion of vitiated ain ; for this gas 
cm BU[iport combustion and respiration far better thaii the 
atmosphere. It may be said with juatice that modem ■ 
chetmstiy dates ita origin &om the discovery of oxygen gas. 

OXYGEN. O = S013. 

Oxygen gas is probably the most abundant of the ele- 
ments. It Gonetitutea about one third of the vroight of the 
■olid mass of the earth, eight ninths of that of the watan 
of the sea, and one fifth the volume of the air. 

A simple mode of preparing ox^rgen is to place id a re 




tort, a, Fig. 148, eome 
with the 



bent tube, c, which dips beneath the water of a pneumatie 
trough, g. On raising the temperature of the oxide by 
the flame of a spirit lamp, it is roHolved it>to metallic mer* 
cu^ and oxygen gas; the former distills into the receiver i, 
and the latter collects in the inverted jar of the trough. 

Another process is to place the peroxide of manganese 
(Mn. O,) in an iron bottle, from which a tube, S, Fig. 149, 
projects ; this tube may be connected with another,^, by 
means of a cork and an India-rubber tube, e. The bot- 
tle is to be arranged in a small furnace, and made red hot; 
the manganese loses one third of its oxygen, which may 
be collected in a gas-holder, as shown in the figure. 

The most convenient mode of preparing it is to place in 
a flask, a, Fig. ISO, a mixture of chlorate of potash aiid 

rroxide of manganese ; to the mouth of the flask a tube, 
. is adapted by means <^a tight cork, the lower end of liie 

In whu bodiw doei cmygen pcearl DsKrlbe in pnpmtioD fMa nd 
raid* oTmainr;, frnu psDxide «f muguen, uxt fiom chlonte of polMh. 
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tube dipping beneath a jar upon 
the pneumatic trough, c. On niB- 
ing the temperatuxe of the flask by 
a flpirit Icirap, oxygen gas is freely 
ercHTed. The peroxide of manga- 
neee takes no part in the change, 
-. but it causes tho decomposition to i 
go on at a low temperature, and the gas is more rapidly 
set fi:ce. The change, being confined to the chlorate of 
potash, is therefore expressed as follows ; 

KO+GlO^... = ...KCl+Ot; 
that is, the chlorate of potash, at the temperature in ques- 
tion, has its atoms disarranged, resolving itself into one 
atom of chloride of potassium and six atoms of oxygen gas. 

It may also be prepared by exposing a mixture of bi- 
chromate of potasli oaA sulphuric acid, or peroxide of 
manganese and sulphuric acid, to heat. 

Oxygen gas is a colorless body, having no odor nor 
taste. It is a non-conductor of electricity, and a bad re- 
fractor of light. It is a powerfully electro-negative ele- 
menL In spetnfic gravity it is heavier than atmospheric 
air; for the air being 1-000, oxygen is 1-1026, or, accord- 
ing to some chemists, 1-1111. Chie hundred cubic inches 
Wfflgh about 34 grains. Its atomic weight is 8013, hy- 

Wfaat ua iMleadins pbTiiol propeitiei T What ii itf apeciSc griTit; I 
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drogsR being taken as 1-000. It haa never been con< 
denaed into Uie liquid state. 

To a certain extent it is aoluble in water, one hundred 
Tolumea of diat liquid diBBolving about four of the gas, a 
fact of conaiderablo importance in physiologjr, aa it is upon 
the oxygen ao found in water that aquatic animalg depend 
for their respiratory process. 

On litmua water, or any blue vegetable solution, oxy- 
IV' 1*1' gen exerts no action, aa ia easily shown b^ a^ta- 

iting it with such a solution in Hope's eudiometer 
{Fig. 161) ; but though it ia not acid itseK when 
it unites with a great variety of bodies it gives 
riae to powerful acids, and from this circumstance 
its name was derived. Oxygen, ofvf, acid, and 
yewuv, to generate. 
The most important qualities of atmospheric air 
are due to the presence of osygeu gas. It is for tbia reas- 
on that the air supports combustion and respiration. The 
powers of oxygen, in this leapeet, may be illustrated by 
many striking experiments ; thus, if into a jar filled wiu 
Fif. m. it, a stick of wood, with a spark of fire on its ex- 
O ti«mjty, be immersed, it bursts out at once into a 
cl^ flame, burning biilliaotly. 

I|\ On immersing a lighted taper in a jar of oxygea 
xjiwi (Fig. 162), the light becomes of a dazzling white* 
£a^ nesa, the taper wasting rapidly away ; but it is to 
I^CIy be observed that after a time the combustion de- 
^^aJ clines, and finally the- light is extinguished. 
If a piece of charcoal of bark in an ignited atate ha 
"■'" ' ° placed in a bottle of oxygen, the combnstion 
goes on with great activity, a multitude of 
i sparks being urown ofi*. When the char- 
I coal is extinguished, if a little lime-water bt) 
poured into the bottle and agitated in it, the 
. lime-water at once becomes of a milky white- 
ness ; for the carbon, dtjring the combusdon, uniting with 
the oxygen, produces carbonic acid gas, and this forma 
with Umo a white insoluble precipitate, die carbonate of 
lirae. 

Cm it be liqoefled 1 Ii it mlabla in wib 
II ita name derived t What are itj< r^lari'^i 
•xnnbiutkiiil Deicribe ita effect oi 
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A piece of India-rubber eet on fire, and inunened in 
oxygen gas, bums with the emission of a daa- /vf . im. 
zlingligbL And if, upon a small stand, some 
bnming sulphur is placed, and a jar of oxygen 
inverted over it, as shown in Fig. 154, the i 
light which is emitted is of a splendid blue M 
color, and the amoke ascending np the middle ll 
of tbe jar, and falling m curious lings dawn N 
hs sides, affords an illustrstioa of the niannw J 
in which currents are excited in gases. ' 

But it is not alone such enbetances as wood, char- 
coal. Of sulphur which will b u m in oxygen na ; JKr. im. 
many bodies CMnmonly regarded aa incombustible O 
give rise to the same result. If a piece of steel {B 
wire be rolled round into a Bpiral, and the ex- l(^J 
tremity of it be dipped in melted BUlphur, or I El 
wrapped round with cotton, so as to afibrd the |i^J 
means of introducing it in an ignited conditioti |^^^ 
W». iM. into oxygen gas, the ' ^^ * 

combustion is at once commu- 
nicated to the steel, which 
bums in a very brilliant man- 
er, emitting sciatiUaiions. 
A stream of oxygen from a 
gas-holder, being tluttwn upcm 
an iron nail made red hot in 
the flame of a spirit luap, or 
placed in an ignited cavity in 
a piece of charcoal, causes the 
iron to bum with rapidity, 
emitting a shower of sparks. 

m igailed nlphnrt Wbitii Itt efvctoiwigidtad 

P2 
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COUBITHTION IN OXSaEN. 



LECTURE XXXIX. 



Ottoen contintbd, — Dnimmtmd't Light. — Coinhuttum of 
Photpk&nu. — DouhU Change arinng in Combuttum.—~ 
The Lavoitierian Doctrine. — Batie, htdifferaU, and 
Acid Oxida. — PhytUdogical Rdaiimu of Oj^gai, — 
Supporters of Combuttian. — Nnt-tcTe of Flame. — Con- 
itamey of Heat evolved. — Vegetable Origin of Oxygen 
in the Air. 

If a piece of lime tbe size of a peppercorn be placed 
in the flame of a spirit lamp, through which oxygen gas 
is directed by a blowpipe, the lime phosphoresces pow- 
erfully, emitting a light so bright that the eye can scarcely 
bear it. This is the original form of what is called Drum- 
mond's lighL The light, however, is still brighter when 
the oxyhydrogen blowpipe is employed. 

j^ ijj_ The- combustion of pbospboruB in oxy- 

— gen gas couatitutea one of the most hrill- 

(lant experiments. A piece of lighted pfaos- 
phorus immersed in an atmosphere of this 
gas, bums with the evolution of a prodig- 
ious amount of light and heat, Ftg. 157. 
Notwithstanding the producdon of dens« 
f flakes of phosphoric acid intervening be- 
tween the eye and the burning mass, the 
Kght is very brilliant. 

When any combustible substance is burned in oxygen 
gas, two strikitig phenomena are exhibited : a change in 
the combustible, and a change in the oxygen. A fragment 
of ignited charcoal rapidly wastes away, and the surround- 
ing gas loses its power of supporting combustion. Until 
the time of Lavoisier, it was generally supposed that burn- 
ing was due to the escape of a certain principle, called 
phlogiston, tram bodies, but he showed that in i^I these 
cases there is no loss of weight, and that, in reality, th« 

What i"4be originil hrm o[ the Drnrnmaiid light T Whit are the phe- 
iiau, what chai^^n tak^ place in iba oiygeu and in die bnnusB bodyl 
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eombustion is due to the oxygen uniting with the hnmiag 
body ; and if care be taken to collect dl the products M 
the action, their united weight will he exactly that of the 
oxygen and combuetible conjointly. Lavoisier waa dis- 
posed to heliere, that in all cases of true buning the pres- 
ence of oxygen is indispensable, an idea now known to 
he erroneons ; for light and heat are evolved in all cases 
where chemical action is going on with zreat intensity, 
no matter what may be the substances which happen to 
be present. 

In tile Lovokierian system of chemistry, oxygen waa 
regarded aa being the essential supporter of combustion ; 
and as, in many instances, it gives rise to the production 
of acids, it was also regarded as the essential principle of 
acidity ; and from this circumstance its name was derived, 
as has been already said. But so far from every acid 
containing oxygen gas, it is now well known that there 
are many from whiiA this principle is wholly absent. If 
any sulMtance in particular deserves the name of "the 
acid former," it is hydrogen, for it is doubtful whether 
any powerful acid exists which does not contain hydro- 
gen. Basic substances, on the contrary, are characterized 
by contuning oxygen. ■ 

To the compounds which arise from the union of oxy< 
gen with other bodies the generic designation of oxides 
IS given ; and of them we have three classes. 1st. Basic 
oxides. 2d. IndiSerent oxid^. 3d. Acids. If M i-epre- 
sents an electro-podtive l>ody, the basic oxides are con- 
stituted as follows : 

MO . . PiDbnide, nmUy tbe nmt powerflil buB. 

M,0, . . 8«BqDiozids, ■ weaker bus. , 

itO, . . . Deanixide, ■ iCUl weaker bus. 

if,0 . . . Soboxide, 

The oxides of manganese furnish a good example of 
the three classes : 

Protoxide ofmmganeie 
Seaqnioiide 
Ceaiosida . 
MsQgtuiic acid . 
HTpemunguiic acid . 

'What waa LsToiiier'a theoiy of combnition T What ia Iba relation of 
oxygen to acid and basic bodiea I n^iat ii Ibe generic deaignaEion lor Ixa 
CompoODda I What are the diree claaaei of compoundj which it jrielda t 
In the baaic, Ote iadiffer«ift and die acid gronp, what ia &e genonl rala- 
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FrMD whidi k may ho Wmred that, ia « &iqily of os- 
idos oTsn electro-poeitive body, the most powerful base ia 
that contaioing one atom of oxygen, and uiat, aa tbe quan- 
tity of this element incFeasee, indifiereut bodies may be 
formed ; tbu is to say, tboae in which Dekber tbe basic 
nor acid qualitieB are well marked, and on a atul farther 
increase acida are produced. In Ode nspect, therefore, 
tbe cniginal idea of Lavoisier respectiag the character of 



oxygen is to some extent substantiated. 

In ita physiological relations oxygen is a moat iitfarett' 
ng body. It ia for the purpose of introduciqg this ele- 
ment to the mterior of the system that the reapiratoir 
tnechanim of ntumala is devoted — a mechanism wbicu 
difiers according to their mode of life, the gillt of a fiah 
and the lungs of. a man haTuig the same ulterior object. 
If two jaia are taken, one &11 of atmosjJieric air, and one 
of oxygen gaa, and small animals placed beneath each, it 
' will be found that in the latter those animals survive 
much IcMiger than in the former. The gas introduced 
into the system arterializes tbe blood, and, eventually unit- 
ing with carbon and hydrogen, keeps np the temperature 
to a standard point, which, in the human mechanism, ia 
about 98° F. Oxygen gas, therefore, is emphadcally the 
Bupporter of respiration. 

The terms, supporter of combuaUon and combustible 
body, formerly much used by chemical writers, axe ex- 
pressive of an erroneons idea. No substance is in itself 
a supporter of combustion, nor is any one intrinsically a 
combustible body. If a jet of hydrogen bums in an at- 
mosphere of oxygen, so, use, will a jet of oxygen bum in 
an atmosphere of hydrogen gas. In fact, both Itodiea are 
equally engaged in producing the result, combustion only 
taking place upon their mutual surface of contact. The 
division in question has arisen from the circumstance that 
the most familiar instances of combastion wo witness 
take place in the atmosphere, which owes all its active 
qualities to tbe presence of oxygen. 

0<nnbustion takes place only at those points where the 
uniting substancea are in contact. The flame of a can- 

Tor nmt pnrpou ii m^geD introduced into tha ByBtem } Wliy ii it to 
ba ragirdad u me nppaiteT of rsipiiuiou 1 Ii the diiukm of bodiei into 
comhutiblei uid (ofporten of oombiutioii > catiett one T What ij tfa* 
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dltt ia not incandesoeBt tbroughout, but is a ng. im. 
mare superficieB or luminouB ahell, with & dark 
interior. In such a flame several dutmct paits 
may be traced. Aroimd the wick, a. Fig. 158, em 
at the points t *, the light ie of a blue color ; for i 
here the air beiDf ia excess, the combustion ia ' 
perfect. Fr<Hn mis toward e the combuadble 
matter predcMiiiiateei, and the .light is most in- | 
tense. A faint exterior cone, e e, Biurounds the | 
more luminous porUon, but the iaMrior at i i» ' 
totally dark, as may be {»OTed by plating a i 
piece ofmica Of glass npou die flame. It is prob- 
able that the light arises chiefly from the ignition of solid 
matter, for incandescent gases are only faintly luminous. 
The hydrogen of the flame is fiist burned, and ioc a mo- 
meat carbon is set &ee in the solid form at a very high 
temperature, its oxydation instuitly ensuing. 

A given weight of «. combustible body, when burned, will 
always furnish a constant amount of heat. If an ounce of 
carbon be burned in a few moments in pure oxygen gas, 
the amount of heat disengaged appears to be very great; 
though, in reality, it is the same that would finally be yield' 
edby a slower combustion in atmospheric air. So, too, me- 
tallic iron becomes white hot when burned in oxygen, be- 
csnse the combination goes forward with great rapidity ; 
but precisely the same amount would be yielded in the slow 
oxydationof rusting, though in the latter inatance it might 
take years for the completion of the process. This is a 
Isct en gr^ physiological importance. 

We have junt said that atmospheric air owes all its ac- 
tivity to the presence of oxygen, and as there are inces- 
aanUy combustiro procesaes going on, the tendency ot 
whidi is to remove oxygen &om the air and generally re- 

Elace it with carbonic acid — a resalt, also, whidi ensues 
'ora respiration, in every .part of the earth where aiwm«l« 
are found — it would appear a necessary consequence that 
the conetitution of the air should incessantly change, the 
amount of oxygen declining and that of carbonic acid in 
Creasmg. But in this respect the vegetable world exerts 



Wliy da tba diffennt regioii of m Imp flame differ iBtiumDaiu powsrf 
b there an; diSerence in Oie UDoaot of neat evcilTad in rapid and in alow 
eombiutioni t What are tha cwuw whiok tend ts diminmb th* utXMnt 
cf oxygen in the url 
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an opposite tendency to tfao animttl ; for, under the influ- 
ence of the light of the sun, plants decompose carbonic 
acid gas, setting free its oxygen, and appropriating ths 
carbon to their own uses. This beautiful iact was ongin- 
ally discovered by Priestley, who found, that if some green 
Fig. iH. leaves were placed in a bottle, as in Fig. 159, con- 

ftaining carbonic acid gas, or, what is more conven- 
ient, water holding that substance in solution, so 
long as the sun does not shine on them no action is 
perceived ; but if the bottle be set in the sun, bub- 
bles of gas are rapidly disengaged from the leaves, 
and, rising up through the water, collect in the upper 
part of the bottle, and, if examined, prove to be verynch 
in oxygen. 

A question baa arisen as to what principle the remark- 
able decomposition is due. I have proved, by causing it 
to take place in the prismatic spectrum, tbat it ia due to 
the yellow ray of light^PlitV. Mag., Sept., 1843.) 



LECTURE XL. 

Htskooen. — Preparation and Properties of Hydrogen,-— 

Relatiom to Retpiration. — Comhiutibility. — Itt Light- 

nets. — Explonve Combustion. — Production of Water.^ 

Oxyhydrogen Blow-pipe. 

If a piece of potassium be wrapped in pap^ and rap- 
idly immersed beneath an inverted jar at the water-trough, 
violent reaction soon sets in, a gas collects in the upper 
part of the jar, and the potassium, oxydizing, dissolves in 
the wuer. The gas so produced is hydrogen, and the 
decomposition is very simple, as shown in &e foQowing 
^mbols ; 

HO -\-K. .. = ... KO^H; 
that is, water acted upon by metallic potassium yields ox- 
ide of potassium and hydrogen gas. 

In practice more economical processes are resorted to. 
Like potassium, metallic zinc can decompose water at or- 
dinary temperature B, but there is this difference between 

ii tendency ecftapenuted t Wfast ia Hie principl* 
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them, ih&t wLile the oxide of potasnum is very soTuble in 
water, tbe oxide of zinc is nearly inioluble. A plate of 
polished zinc immei'sed in water does not, therefore, give 
rise to a Btream of gas, for the momeiit the incipient ac- 
tion has set in it ceaaes, the zinc becoming covered with 
an impervious pellicle of oxide, which cuts off farther 
contact with the water. 

If, however, we add any acid snhBtance which can form 
with tbe oxide a salt soluble in water, the action will go 
on continuously, because the zinC can now expose a clear - 
metalhc contact. Such a substance in sulphuric acid. To 
make hydrogen, therefore, we take a bottle, rtg. IM. 
a. Fig. 160, and having placed in it some " 
Strips c^ zinc, add sufGciont water to cover 
them entirely, and then adjust to the mouth 
of the bottle a cork, through which two tubes, 
i and c, pass. Through b sulphuric acid ia A 
poured io such a quantity as to excite a brisk f 
out not too violent elfervescence, and the gas, 
as it generates, passes out through c' It is absolutely nec- 
essary to allow a quantity of the gas to escape before at- 
tempting to collect it, because the first portions form, with 
the air in the upper part c^ the bottle, an explosive mix- 
ture; but as soon as itisjudged that the air is all expelled, 
we may proceed to collect the gas ; and whenever the pro- 
duction slackens, if more acid be added through the fun- 
nel tube, b, the supply may be kept up. 

Hydrogen gas is a transparent and colorless body, 
which exerts apowerful refracting action on lighL When 
pure, it has neither taste nor smell, but, as thus obtained. 
It has a peculiar odor. It is the lightest body in nature, its 
specific gravity being 0-0694. One hundred cubic inches 
of it weigh S'l grains. The weight of its atom is taken 
as the standard of comparisoil of other atomic weights in 
this book; it is therefore =^ 1. It exerts no action on 
vegetable colors, and is very sparingly soluble in water, 
one hundred cubic inches of that liquid dissolving about 
one and a half of hydrogen gas. Hydrogen has never 
been hquefied. 

As respects the animal economy, hydrogen gas does 

Whttii till 
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not exert any directly deleteritnu effect ; and althou^ it 
can not, of courge, carry on the functions of reepiratioA, 
which are acts of oxydation, yet it ceui, for a short apace, 
be introduced into the lungs with impunity. If a perROQ 
whose lungs are inflated with it attempts to speak, his 
voice resembles the feeble and shrill voice of a child. 
This arises from the small density of hydrogen ; a bell 
rung in this gas emits almoat as feeble a sonnd as if rung 
in a vacuiUn. 
. One of the most striking peculiarities of hydrogen is its 
great inflammability in contact with ox- n^. ]«. 

ygen. If a jar. Fig. 161, with a stop- 
cock at its upper extremity, he filled 
with hydrogen, and then, being deprefls- 
©d in the water of the trough, the cock 
opened and a light brought near the 
tr.iai hydrogen as it escapea, it takes | 

A fire at once, buminz with a pale I 

»j yellow flame. Or ifto the mouth 

1 of a bottle containing tbe mate- 
Jk. rials for generating hydrogen, a, Fig. 162, a cork, 
Pj* through which a glasfl tube, 6, ie passed, be adjust- 
■| ed, and after allowing the ^ in the bottle to be dis- 
^B placed, a light be applied to the issuing gas, it tak-ea 
fire and bums in the same manner; an expenment com- 
monly described as the philosophical candle. 

The following expenment proves three ^is at the 

Fig.ity same time: 1. The great lightness of hydro- 
^\ gen ; 2. Its inflammability ; 3. That it is not a 

I supporter of combustion. A jar, a, f%. 103, is 

M ■ to be ^lled vrith hydrcwen at the water-trough, 
||l J0 and then, being lined m the air widi its mondi 
jffi / downward, a taper, placed on a bent wire, is car- 
^^r ried into its interior. As the taper passes the 
mouth of the jar there is a feeble explosion, and the hy- 
drogen taking fire, bums with a pale flame ; but as soon 
as it is immersed in the atmosphere of the gas the taper 
is extingnished. It may, however, be relighted as it is 
brought out of the jar at Uie burning hydrogen, and this 
may oe repeated several times in succession. The com- 



9 of hydrogen is its 
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DigniodD, Google 



COIUDSTIOH or BTSKOOEM. 181 

bufltibility of the ffas and its quality of not simpoTting 
combuBtion are obviouB enough, and iu lightness is proved 
by the fi^t that it does not fiow out of the open mouth of 
the jar, which it would do at once if it were heavier than 
atmospheric air. 

The applicadoD of hydrogen to aeroBtadc purpoMS is 
founded upon its small specific gravity. This property ia 
very distJoctly illustrated by filling an India rubber s;aa- 
bag with bydragen, and having attached to the stop-cocK^, 
Fig. 164, which closes it, a common earth- eig, im. 

fin-wsre tobacco-pipe, h, by dipping the ^^ j — -. 

pipe in a solution of soap, babbles may O ^'^ 
be blown. These rise uirough the air -^ .am^^ 
with rapidity ; and if a light^ taper ia O Jf 
brought near them as they are ascending, 2n^ 
the hydrogen takes fire and bums with a ^ 
yellowish flame. 

If, in astrong brass vessel, a, jF^g*- 165, we place a mixtare 
of hydrogen and atmoepheric air in equal Mf. in. 
- volumee, and, having inserted the cork, e, ' 
ti^^y, pass, by the aid of the ball and i| 
wuv, h, an electric ^)ark through the gas, 
« violent explosion tE^ea place, die hydrogen burning in- 
stantaneously with the atmospheric oxygen, and giving 
rise to the production of water. 

Musical Bounds originate in vibratory movements com- 
municated to the air. If the flame of a philosophical catt- 
dle is covered by a wide glass tube, as, lor example, fvi* 
the neck of a broken retort, an intensely powerful ^~' 
sound b eautted. This arises &om the circum- 
stance that the hydrogen bums in the tube, giving 
rise to a series of small explosions, which follow 
each other with rapidity, and th^te explosions throw 
the air in the tube into a vibratory state. Accord- 
ing as the tube is raised or lowered, these explo- 
sions occur with different degrees of rapi^ty, some- 
times producing a clattering sound, and then a pure mu- 
aical note. 

Whatever may be the circamstances under which hy- 

To what pnrpoio ij bydrogeo «pplied in cMiieuaenBB of iu UafaCnni T 
How Bwy tbii be illaitnted on ■ amill loile 1 Whan mixad with oiygea 
■piA puied diroush it, what ii Ibe remit 1 Undef 
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droEon bums, whether quietly, as in the philosophical 
candle, or widi trivial esplcaionfl, as in this tube, or with 
a violent detonation, as in the preceding experiment, the 
ttniform product of the combustion is water. During the 
combination of these elementary bodies with each other a 
very great amount of heat is given out, for hydrogen 
combines with eight times its own weight of oxygen, a 
greater proportion than is met with in the case of any 
substance whatever. Advantage is taken of AiB in the 
construction of the oxyhydrogen blow-pipe, an instruraeat 
invented by Dr. Hare, which fumiahes us with the most 
efficient means of obtaining a high temperature. There 
Fig.^\t7. are several dilTerent forms of this blow^- 
pipe ; in some the gases are mixed in the 
proper proportions in a strong receiver, 
and Bet on fire ailer passing through a 
Hemming'a safety tube. But it is better 
I to keep ^em in separate reservoirs, and 
f conduct them to a common jet, where 
they may simultaneously mix and be 
burned, as is shown in Fig. 167, vdiere O is the oxygen 
reservoir, H the hydrogen, a b the Sexible lead pipes, 
leading to a common jet, c, at which the gases are set on 
Jire. By this instrument substances perfectly infusible 
in a common furnace melt at once. The intensity of the 
heat of this blow-pipe depends, to a great extent, on the 
fact that, unlike ordinary ilames, the oxyhydroges Same 
is, as it were, solid ; that is, incandescent throughout all 
its parts. 

In its general relations, hydrogen possesses so many of 
the properties of the metallic class, that there is every 
reason to believe it is, in reality, a metal. The facts of 
its aeiial fdrm and transparency can scarcely be regard- 
ed as of any weight against this conclusion, for the vapor 
of mercury possesses a similar aspect. 

WliBt ii die amfam fnodDCtion of it* combiulionr Wb; ii ao uracil 
beat evoired in ^w bnnuDg of a mixMre of ojEygen and hydrogen % De- 
tcribe Hire'* oonpaond blaw-inpe. Wbat !■ [fie peculiarity of Ae fltma t 
To what dui of bodiM dooi bydrogen probabl; belung ? 
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Water. — Hydrogen Acidt. — Water. — It» Propertte*. — 
Compretiibiiity. — CoiutitHtMn of Water. — Syitthaet of 
Water. — Sy Spongy Platinum. — Determination of itt 
CompotUion by Weight. — AnalynM of Wafer. — Chemi- 
cai Rdationt of Water. — Water of Crystallization and 
Saline Water. — Act* at a banc, ind^erent, and add 
Bodyt — Pur\ficati4m. — Deutoxide ofS^drogen. 

WATBH, H0=ii>i3. 
Hydbosbn anites with all the electro-negiitive subatan- 
ces, aad, with many of the more prominent ones, fomiB 
atKmg acidg. The hydrogen acids of chlorine, bromine, 
iodine, and fluorine are all constituted upon the ume 
type, in which, if the electro-negative radical be re]M«- 
Bented by R, wo have 

HR. 
But with oxygen, instead of an acid, a neutral body re- 
sults. This body is common water. 

Water, as will be presently proTed, results from the 
union of oxygen and hydrogen, one atom of each of these 
elemeAta combining to ibrm one atom of water. It is. 
' therefore, a binaiy compound. Its symbol is 
: • HO. 
By Tolume, it ctHujiBts of two of hydrogen united with 
one of oxygon J, by Weight, one part of hydrogen united 
with eight of oxygen. These statements correspond 
with the firstf.because the hydrogen atom is twice the 
volume of that of oxygen ; and the weight of an atom of 
oxygen is eight times that of hydrogen. 

Water is a colorless and tasteless body. It freezes at 
32° F., and boils at 212° F. Its specific gravity is 1000, 
being the standard of comparison of all other liquid and 
folid bodies. The specific gravity of its vapor, steam, 
compared with atmospheric wr, is 0-6201. It is a com- 
pressible and elastic substance. One cubic inch of it at 
62© weighs 25S-45 grains. 

Vfbta iQFdnwen imile* wMi elBEtnHiantiTB nibaMDCeJ, what clui of 
bodieiviMT what ii lb* cooMimlan « water I Whituetiie popu> 
tiMof wsterl 
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Fif. lae. The compresaibilityof wateris at once Jem- 
onatrated and measured by an instrument in- 
vented by (Brsted, and represented ini^^. 168. 
■ It consista esadntiallyorastrongglaaH cylinder, 
^ filled wUh water, upon which a powerful 
pressure can be exerted by means of a piston 
driven by a screw, b. In ttiis cylinder of water 
a. gage, repieaented on a larger scale by Fig. 
169, IS placed. The gage consists of a reservoir, 
B, prolonged into a fine tube, /"• there is also a 
scale annexed. The reservoir and part jy.uj. 
of the tube are filled with water, and a 
small cobimn of quicksilver, x, indicates 
- the point on the ^be to whiefa the water 
reftches. The pressure exerted is measured by an 
air-gage, d. 

If, now, this histntBWBt bo placed in the strong 
glass cylinder, as seen in .F^. 168, and pressure 
exerted by turning the screw, the air In the g^e, 
d, contracts and indicates the amount of that press- 
ure; at the same time, the small column of mercury, 
X, descends in the tube, showing that the Vater con- 
tracts, and measuring its amount. On turning the 
screw the t^er way, so as to relieve the apparatus 
of pressure, the air-gage cotoes back to its original 
point, and the mercury in the fine tube, ascends again. 
It is obvious, therefore, that by this instrument we meas- 
ure the compressibility of the water contained in the res- 
ervoir, e, due allowance being made for the minute amount 
of contraction which the glass of which e is made, and 
Fie.no. which is pressed equally on its inside and outside, 
undergoes; and also for variations of temperature. 
] CErsted's instrument shows that water is compress- 
;d y^Viir V^'^ °^ >^ volume for each aUnosphere 
)f pressure. 
The coQstitution of water Was first clearly proved 
^ by Mr. Cavendish. It can be illustr^ed in a vari- 
ety of ways. Thus, if over a jet of homing hydro- 
gen a cold glass bell be Buspende4, as in Fig. 170, 
it becomes soon covered with a misty dew, and. 
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if tlie expstiiaent be prolongec^ drops of liquid finally 
trickle dovm the sides, and may be caught iu a veaael 

{tlaced Co receiTe them. When examined, this liquid is 
bund to be water. It has sriseQ from tLe umon of tbe 
hydrogen witla attnoepberic oxygen. 

If in a vessel over the mercurial trough twenty meas- 
ures of pure bydrogen are added to ten measures of pure 
oxygei^ and aBmaU pellet of spongy pladnum passed i^ 
^roBgb the quicksilver, union betweeu the two gases 
rapidly, takes place, so that it is usual, in order to moder* 
ate its actitm, to mix the spongy platina previously with 
a little pipe clay. As ^e gases unite, the mercury rises, 
until at laat diey have totally disappeared. This beauti- 
ful, experiment shows that the constitution of water by 
volume is 2 hydrogen to 1 oxygen, as has already been 
•aid. 

The composition of water by wei^t was determined 
by Berzelius as follows : Let a Sask, a, Fig. 171, con- 




taining Kisc and dilute sulphuric acid, be connected by a 
bent tube, h, with another tube, d, ccmtaining chloride of 
calcium ; the hydrogen which is consequently evolred 
from the flask deposits any small quantity of water it may 
be contaminated with in the bulbs c c, and then passing 
through tbe chloride <^ calcium tube, d, is made perfectly 
dry. The tube d is connected with a tube of h^ glass, 
OB which a bulb, e, is blown. This bulb is filled wkh a 
knotvn wei^t of oxide of copper, which can be nused te 
a red bent by means of a spirit lamp, h s and as tbe dry 
hydrogen passes over tbe ignited oxide it reduces it, form- 
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lag widi ltd oxygen water, and leaving pure metallic cop- 
per. The water thus produced ia partially collected m 
the bulbyi and the rest of it is detuned by & second clilo- 
ride of calcium tobe, g. 

If, therefore, we weigh the tube e before and after the 
experiment, in the latter instance its weight will be less 
than the former, the difference being due to the amount 
of oxygen which has been removed. If, also, we weigh 
the tubes y and g before and after the expOTiment, in the 
latter case they weigh more than in the former, the differ- 
ence being the weight of the water produced. Thus, it 
will be found that for every eight grains thffl the oxide 
of copper has lost nine gr^ns of water have been pro- 
duced, showing that the constitution of wateT is by weight 
8 of oxygon to 1 of hydrogen. . 

rtg. ITS. The composition of water may also bo 

proved analytically as well as synthetically. 
It has been already stated that this can be 
done by the Voltaic battery in a very sat- 
isfactory manner. An apparatus suited for 
this purpose is shown in .F^. 172. The 
« polar wires of the battery eater the sides 
,of a globular glass vessel full of water, and 
over their terminations tubes are inverted 
I in which to receive the gases. The hy- 
drogen is double the volume of the ox- 
ygen. 

Another form of the same apparatus 
is seen in Fig. 173. In a bent tube 
fiill of water, the platina wires, N P, 
are introduced by means of corks. On 
the current passing, oxygen is collected 
in one of the branches of the tube and 
hydrogen in the other. 

Lavoisier determined the composition 
I of water by passing its vapor over pieces 
of iron made red hot in a tube. Thus, 
if from, the retort, a. Fig. 174, containing boiling water, 
steam is passed through a red-hot -iron tube, e c, filled 
with turnings of iron, or iron vrire, decompositioa takes 
place, black oxide of pon forming, and hydrogen gas 
escaping by the tube ,^, mto the gas-holder, m n. 

How may th8»n«ljTri«irf water be effected I De«ribe tbe prind^ cf 
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The chemical relations of watei are of the utmost im- 
portsnce. It exerts a more general solvent action than 
any other liquid known, holding in solotion gaseouB and 
Bohd suhetancea, acids, alkalies, and salts. As respects 
gaseous bodies, the quantity which water will take up in 
to a considerable extent dependent on pressure, and in 
Uie case of salts, an increase of temperature very fre- 
i^uently increases its solvent powera. Salt-crystals some- 
times containa very considerable quantity of it, as is shown 
in the case of common alum, of which, if a Fig. its. 
mass be put upon a red-hot brick. Fig. 175, 
it melts in its own water of crystallization, and, 
after a great quantity of steam is thrown off, 
a dry reddue remains. Crystals often cor 
tain water in two different stales, one portio: 
known under the name of water of crystallization, which 
'inay generally be expelled by a moderate heat; another 
portion known as saline water, which is vrith much more 
difficulty driven off. In the works on chemistry, the for- 
mulae are constructed so as to indicate these different con- 
ditions of the water : Aq (aqua) being the symbol for the 
water of crystallization, and HO for the saline water; thus, 
FeO + 80, + JtO + GAq, 
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18 tfae aytnbol for green vitriol, which is therefore a buI- 
pltat« <n tfae protoxide of iron, with one atom of saline 
water and six of water of cryetallization. The latter is 
easily driven off by heat, but the former only at hieh tem- 
peratores, or by being replaced by eome other body. 

Water unites with many acids with great energy. If 
mixed with sulphuric acid, and a thermometer immersed, 
the temperature will run up rapidly to above 212°. With 
basic bodies, the same results nay be obtuned as whwi 
quicklime is sprinkled with water, or potash and soda 
diwolvodinit: towardacids water acts as abase; toward 
bases it acts as an acid ; and toward salts as an indifferent 
body. 

As fennd in nature, water b always impure. Rain- 
water and melted snow contain the various soluble gasea 
which ar^ in the air ; spring, river, well, and mineral 
waters the soluble bodies of the strata-through which they 
have flowed ; from these it can only be purified by the 
process of distillation. 

DEDTOXroa OP HSDaOSBN. BOt^tTOa. 
There is another compound of hydrogen and oxygon, 
the dautoxide of hydrogen. It contains twice the amounted 
oxygen found in water, and is characterized by a TBanric- 
able &dlity of decomposition. It is a liquid snbKance, 
possesses bleaching powers, and is heavier than vrateo' 



LECTURE XLII. 
NiTROSEN. — 'Preparatum o/" Nitrogen. — Propertiet. — Its 
htdiffhratt Nature. — Il» Oxygen Compounidt. — Aitmu- 
pReric Air. — Cotutitulion if. — Dimentiotu <^. — B^da- 
tion* to Organization. — Diuti^ and Temperature^— Fix- 
ed and Variable Conttituentt. — Experimental Proofi of 
its Pressure. 

MiraOGKN. Jtf=14I9, 

Nitrogen gas is most readily procured fiom tlie atmos- 
pheric air by bummg phosphorus in a bell jar over tb* 

WbMIs thereUtiaiiDfwBtir taaddi,bu(a,midiMiltir B7 what pro- 



D.,r:-c..G00Jj|i: 




NPnotfni oM. 

pDsumsUc trough. If & piece 
of phospboms be laid in a cnp 
(Fig. 176) and sat on fire, all 
the oxygen in the air of the jar, 
<^ willbe consuoed, irtiite fli^es 
of phosphoric acid forming, and 
tbeae, being flnall}r dUaolved in 
the water of the trough, d, there 
is left behind nitrogen, contami- 
nated to a Bmall extent by the ■ 
vapor of phoflphonMi 

If nitrate of ammonia be placed in a retort, and t£e tern- 
parature raised until it emits protoxide of nitrogen, and 
at diat moment, b^ mesne of a wire paasing through a 
cork in the tubulure, a piece of zinc 1» lowered down upon 
the melted masa, oxide of ainc is prodnced, and nitrogen 
gaa eecapea. The decemposition is very aiiaple, 
NO..Zn = Z»O..N. 

Nitrogen gas is a colorless, tasteless, and wodorow 
body, very sparingly soluble in water, that liquid dissolv- 
ing' but, 1} per cenL of its volume. It is lighter than at- 
moBpberic air, its specific gravity being 0-976. Its atomic 
weight is 14*19. It does not support combusdon sor respi- 
ration, and &om the latter ciccumstance obtained formerly 
the name of azote ; but it does not exert any directly pois- 
onous agency on the animal tysteta. 

Nitrogen gas is little disposed to unite wilb other bod- 
ies, except when either it or they are in the nascent state. 
Its compounds, too, are prone to decompose &om trivial 
causes ; hence it is among them that we nnd some of the 
most remarkably detonating bodies. Many animal and 
vegetable substances, into the cempasition of which it 
Wters, are characterized by the facility with which they 
teml to undergo putrefactive changes, and, as we shall here- 
aiter find, ferments owe their remarkable powers to the 
presence of this elemei^ 

Nitrogen unites widi oxygen, and forms five different 
bodies, 

NO .. . JVO,. .. JTO,. . . NOt...NO^ 



How maj it be muls from imitate of u 
tin of diia bu 1 Why does it girs lue tu to mm)' expta^va bndiei t 
TDWiHtiit£epi<m«rtyoff«nueDMda*t How Muiy ODrnpooDdi of oxjgea 
■od njoogan an tbare T 
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Their names are 

Fntoiidfl of nitiogeii. 



With oxygeo, alao, it forme atmospheric «r ; but this is a. 
mixture, And not a compound. 

ATMOSPHERIC Ala. . 

The mechanical properties and constitution of the at- 
moaphere are bo important, that I shall here introduce the 
consideration of them before passing to the description i^ 
the oxides of nitrogen. 

The atmosphere consiata ciuefly of oxygen and nitrogen 
gases, in the proportion of about 21 volumes of the former 
to 79 of the latter. It also contains a m^ute but essential 
'quantity of carbonic acid, which, Iwwever, varies at dif- 
^ront times, 10,000 parts of air containing, on an average, 
about five parts of this gas. Besides these, therq arefbund 
in it variable quantities of the vapor of water, and traces 
of ammonia, sulphureted hydro^u, and carbureted hy- 
drogen. It is a colorless, invisible, elastic substance, 815 
times lighter than -water, and is taken as the standard of 
comparison for the specific gravity of gases. Its specific 
gravity is, therefore, = I'OOO. One hundred cubic inch- 
es of it weigh, at the mean temperature, and pressure very 
nearly 31 grains. 

There are many methods by which the analysis of the 

Fig. ITT. air can be effected. Tire's endiom* 

eter, Fig. 177^ which consists of a 

q siphon tube, closed at one end and- 

2ien' at the other, may be used for 
is purpose. Into the closed branch 
of the instrument, wliich is also grad- 
uated, a measured quantity of Sir is 
introduced, and to it is added an 
equal volume of hydrogen. The 
bend of the tube is occupied by vn.- 
ter, as shown in the figure, a column 
of (ur intervening between this water and the open ox 
tremity of the tube. On this the thumb is closely pressed, 

or wlial b the aMooiDheric dr compoied T Whit » iti iperafic gimr. 
ca^ic incbea of i( I Hon mij it ba an- 
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aa representfid, and an electric apork passed throagh the 
instrument by the aid of its platina wires. This sets the 
gaaesonfire.; tbe coluidn of air beneath the thnnb acting 
Uke a spnDg to repress the movement at the time of the 
explosion. The amount of gas then ]eft is ascertained dd 
the divisions, and one third of the deficit represents the 
, quantity of oxygen originally present. 

To enable the experimenter to operate on larger quan- 
tities of gas, Brunner's instrument may pv.178. 
be used. It consists of a tube, a6e,\n^ 
three bulbs blown upon it ; these bulbs ' 
are filled with cotton which has been im- 
pregnated with meited phosphorus. The 
tube is attached, by means of a cork, to 
a glass vessel, d, filled with mercury. On 
opening the stop-cwA, e, the mercury 
flows out, BtmoBpheHc air introducing 
itself by a h e, and its oxygen being re- 
moved by means of the extensive surface 
of phosphorus which thtf cotton presents. 
Consequenlly,by measuring the mercury 
which has flowed out we ascertain the 
quantity of nitrogen introduced into the vessel d, and the 
increased weight of the tube a b c determines the amount 
of oxygen. 

The result of such experiments shows that the atmos- 
pheric air is composed of from 20-79 to 81-08 parts of 
oxygen ir 100 volumes. By weight, its constitDtion is 
about, 



The earth's atmosphere does not extend indefinitely 
into space, but terminates at an altitude of about fifty 
miles. It forms, therefore, a mere film on the face of 
the earth, for the diameter of the globe is nearly 8000 
miles. If a representation of it were placed on a common 
twelve-inch globe, it would scarcely be one eighth of an 
inch thick. 

Its relations to the World of organization are full of in- 
terest. All plants cotae from it and all animals return to 
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k, ■!> thttt it BtatidB u the bond of conoectioa b a iwiwu 
thne orders of li&. 

As vm ascend to more dorBted-regtons die ur becomra 
leas dense, for the obvions reason diat, as U is a very com- 
weMoble body, thoee portions of it nearest the ground 
have to sustain the weight of ibe aupetincuabsnt mass, 
and ai« therefore more dense ; but in the highe: 
where the snpmncumbent pressure is les8, ma a 
rare, as. is shown in the following table : 



a.irt.-iu~ 


T*-.o*i». 










97g5 












8115 






lO'BS 


18 


l-STS 


i3»a 




■8370 


IBM ] 6* 


■48873 



wUch also shows that the great mass of the atrnoaphere ia 
compr^ended within a very short distance of the earth's 
surface. At different altitudes it is of very different tem- 
peratures, being colder as the altitude is greater. 

Of the conetituentB of the air, the oxygen and nitrogen 
are usually spoken of as fixed, the carbonic acid, anuno- 
nia, and water as variable. There are causes in operatioa 
which tend continually to impress changes in the amount 
of all these bodies. Every process of coiabuation,.and the 
reapiratioa of every animal, remove oxygen and replace 
it by carbonic acid. But the growth of plants has the re- 
vei^se action, removing carbonic acid and replacing it by 
oxygen, so that for many centuries in succession the con- 
stitution of tbe atmosphere ia unchanged. 

Of the mechanical propertiea of the air, the first to 
r. 17V. vrhicb we have to direct our attention is its press- 
ure, which takes effect equally in all directions, up- 
ward, downward, and laterally. Thua, if we take 
a glass tube several feet long, a. Fig. 179, closed 
at one end and open at the other, and having filled 
it full of water, place over the mouth of it a piece 
of card, b, and turn it upside down, the carj wilt 
t fall off, nor the water flow out; they remun, 
*a«it were, auspended onnotbing, but in reality sua- 

Whit m if Ttitlkaa to »niirnl» and nluiU t Wh; doei iti densin 
dacreus with the altitadst How dnea iM temperature vuy ? Whkb 
lira tbe fixed, and irtudnhvvumUaaooBtitBBnaiifltMwrt QivKMaia 
"'----' iotthaapwu4|«viu«afas>ir. 
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teined by tlie upTrard pressure of the air. Or if we tak« 
a bottle, a. Fig. 180, with s hole, i, half an inch Wf . lat . 
in diameter in the botton of it, and having fillttl ' 
it with water, close the mouth of it with Uie fin- 
ger, it ma]r be held up in the air without the wa- : 
ter flowing out,- although the aperture b is wide i 
open. In this instance, again, it is the upward f 
pressure of die air which sustains the liquid. 

Let the glass globe a, i^. 1 SI, with its neck 
h, be inverted in some water contained in ajar, 
c, and the whole covered by an tur-pump re- 
ceiver. Aa the receiver is exhausted, bubbles ' 
of air pass through the water and escape away, 
but as soon as the pressure is restored the 
water is forced out of the jar upward into the ^ 

The air-pump enables us to exhibit in a very Btriking 
mannermanyof the chief mechanical properties of the at- 
mosphere. Thus, if upon the plate of it there 
be placed a glass receiver, a, Fig. 183, as soon 
> is exhausted from its interior, the su- 
: pressure retuns the glass so tinn- 
Uiat it is impossible to M it ofi*, 
but 'as soon as the air is readmit- J 
ted it can be easily removed. If 
within tbe receiver a a smaller one, h, be 
placed, and exhaustion made, while a is &ied 
b can be easily moved by shaking the pump, 
but on leitiiig m the air, a becoroeH loose and 
b firmly pressed in contact with the plate. 

If over the mouth of a «ff-iB>- 

jar, Fig. 183, placed upon 
the pump, the palm of i 
a the hand be laid^ as the 
air is exhausted it is 
pressed in close coiitact 
with the jar, and can only 
be removed by the exertion of a very con- 
siderable force. 

On a small plate, a. Fig. 1S4, fiirnish- 
ed with a stop-cock, b, terminating in a fine 
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jot, c, let there bo place<] ti tall glasB receiver. Tho 6U^- 
cock beiag DOW screwed into tbe pump and opened, the 
air may be eshauated from the interior of the receiver 
and the stop-cock closed. Bat being novir opened undeo- 
tbe surface of some vrater in a cup, the water pasae* 
dirough the jot and rises to the top of tfao jar, forming ■ 
feuntun in vacuo. 



LECTURE XLIII. 

Atmosfhsbic Air, — Prcsmreofthe Air. — Simple Meant 
of Exkauttum.— Determination of the Weight of Air.— 
Amount of Freiture. — Elaiticity of Air. — Exiitt in the 
Poret of Bodiet, — Respiration of Fiahei. — Meatvre of 
Elaetic Force. 

The Magdeburg hemispheres, invented by Otto 
Gnerick, who also invented the air pump, illuatrato in a 
very striking manner atmospheric pressure. They con- 
sist of a ptur of brass faemis|>here8, a b. Fig. 
185, with handles ; they fit, without leakage, to 
; each other by a flange, so as to form a perfect 
sphere. One of them has a stop-cock, through 
which the air may be exhausted, and on this 
being done, it will be found almost impossible 
to pull diem E^iart, though as soon as the air is 
readmitted, and its pressure restored to the in- 
terior, they will fall asunder by their own weight. 

If over the mouth of an open receiver, a. Fig. 186, a 
Kf. nt. piece of bladder he tightly tied with a vraxed 
^ thread, when tbe air is exhausted the bladder 
:omes deeply depressed into a spherical con- 
cavity by the superincumbent pressure, and 
finally bursts inward with a loud explosion. 

It is upon the principle of atmospheric preaa- 

we that the various instruments used by surgeons for cup- 
ping act. One of the most sixnple methods of performing 
this operation is to place the cupping glass for a moment 
over the flame of a spirit lamp, and then transfer it rajnd- 

Dstcribe tbe tbnnUinin vbcud. What ire the Migdaboig hemupliena? 
WhtU ig the priociple illuMted ia theie Tuiou expetminitaf flow 
u die pnicen of cnppiiu perfanud t 
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Ij to the akin. Spirits of wine, when buminff, forma a 
very laive quantity of Bteam, which, of course, fills the in- 
terior of the glass in a rarefied state by reason of the high 
Kmperature of the flame. As soon aa this sieam con- 
denses a Tocutim is formed, and the sofi: surface on which 
the cup ia placed is pressed isto its interior. 

For many of these experiments, an air pump is not nec- 
essarily required, but simple contrivances will answer in 
its stead. Thua, if we take an eight-ounce Kg. if. 
■rial, a. Fig. 187, and fit to the mouth of it 
a cork, b, through which there passes a piece 
of glass tube, c, drawn into a narrow jet at 
otie extremity, but open at the other, by pla- ^ 
<ung the finger over the opening and intro- 
ducing it into the mouth, tne air, by the ac- 
tion of the tongue and the muscles of the nouth, may ba 
sucked out to a great extent ; and when the exhaustion 
baa been cairied, by this means, as far as possible, by 
preasing the finger over the opening, it will close it, act- ' 
ing, thOTefore, as a valve. And now, if the bottle be turned 
upside down, as at e, the tube dipping beneath some wa- 
' ter in a cup, as soon as the fin- Fig. iss. 

ger ia removed the water is press- 
ed npward, and forms a fountain 

Thepresflureoftheairdepends 
primarily on the fact that it is a 
heavy body, aa may be proved by 
the direct experiment of weighing 
it. Fer tliis purpoee, let a li^t 
glaea flask, a, Fig. 188, fitted with 
a stop-cock, be counterpoised at 
the balance ; then let tne air be 
'exhausted from it, and its weight 
determined again. It will now 
be found lighter than before; but 
upon opening the stop-cock it 
Will regain its origin^ weight- 
Experiments made in this man- 
ner show that a flask contain- 
■ ing 100 cubic inches .will, when 
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exhausted, weigh about thirty-one grainB less, antl thera- 
fore we infer that that is the weight of 100 cubic incheB 
of atmoBpberic ftir. 

Atmospheric wr is used as the standard of comparison of 
the m>ecific gravities of other gaaeoua bodies. The process 
for the determination is very simple. A glass globe, g, ■ 
iFv, i«i Fig. 189, holding 20 or 30 cu- 

bic inches, ia exhausted of air, 
\ and by means of the stop- 
/ cocks, e i, attached to the jar, 
c, containing the gas to be 
tried. This gns, which is con- 
fined by mercury, has been 
passed through the drying 
tube, a, by the delivering 
k tube, h, into the jar, which 
1 should be graduated. On 
I opening the cocks, e d, the 
■ gas flows into the exhausted 
globe ; the quantity introduced may be determined on the 
graduation, and its weight ascertained by the balance. 

There are several diflerent methods of stating the 
amount of the mean pressure of the air ; thus, we say that 
it ia equal to 15 pounds on the square inch, or to a col- 
umn of mercury 30 inches long, or to a column of water 
3b feet long. 

That air is a highly elastic substance, can be readily 
shown. Under a receiver [Frg. 190) let thera 

I be placed a half-blown bladder, the neck of 
which is tightly tied ; as the air is removed liom 
the receiver the bladder distends. Fig. 191. 
but, on restoring the pressure, it 
becomes as flaccid as it was be- 
fore, showing that the air included | 
in it expands and contracts as the 
|>re8Bure upon it is made to vary. 

This may be still better shown by taking 
a small India-rubber bag (Fig. 191), the 
mouth of which is closed tightly, and using 

In wlut manner mR7 the relative weight of other nieabe determinant 
What u the prsMDre of tha air on a aqaare imdi eqnalbil Wliatianeulr 
file aqnivaluit leogOi of a mercurial and water colonnt How Inaj M 
«la*adi7 of air be HhurtcaMd 1 
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it ioatesd of the bladder ia the last flxperiment. Oa tare- 
fying tHe air in tbe receiver, the bag begins to dilate, and 
may be extended to several times its onginal dimensioiiB, 
as BhowQ in the dotted line ; but as soon as the presaura 
b reetored, it returns to its original size. 

Nor does this expansion take place with an Fig m. 
inconsiderable force. If a flaccid bladder be — 

placed, as in Fig. 192, with several heavy lead- 
en weights put upon it, as soon aa it is caus- 
ed to dilate by removing the preflsure, it will 
push up the weights. Nor aoea it lose its 
elastic force or spring by being long pent 
op in close veesela. Some of the old cbem- . 
ists kept air compressed in copper globes for 
months, and found that, as soon as an opening was made 
for it, it expanded to its original dimensions. 

Let there be taken a glass bulb, a [Fig. 193), the open 
neck of which, b, dips beneath some water in ng. m. 
a jar, e, and let the bulb and tube be full of 
water, with the exception of a small apace oc- 
cupied by atmospheric air. On covering the 
apparatus with an air-pump receiver, d, and 
exhausting, the bubble of air, a, gradually 
pands, and after a time, as the action of 
machine is continued, fills the entire glass, both 
bulb and tube ; but as the pressure is restored, it con- 
ttscts again, and goes back to its original size. 

By taking advantage of the expansibility of ur under 

Iff. iM. reduction of pressure, we are able to dem- n; . los. 

onatrate its existence in the pores of many ~ 

Ilwdies; thus, if we place m glasses of | 
water an egg {Fig. 194), an apple {Fig. 
195), or other sui^ objects, and, covering j 
them with a receiver, exhaust, we shall | 
see innumerable bubbles of air e . „ 
through the water. The same obeerva- I 
don may be made in the case of many J 
liquids which hold gaseous substances dis- 
solved. A glass of ale placed in an exhausted receiver 

How may the elutiraty Of sir be Aufwn by Ml Indli-rubber bag 1 Qiva 
•nUtaitrttioDOf the anioiuit of JhB fcrco. Jlow may lh« preionce of »ir 

be detected in (ha pD ' — ^ 

diuolvBd in liqaidi I 
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Kg. its. (Fig. 196) foama from the escape of carbonic 
acid ^aa, and even clear spring or liver water, 
exammed in the same maiuier(.f^. Ftg. m. 
I 197), is found to contain a largo 
quantity of air in solution. 

This last fact is of considerable 

importance, for it is by the aid of 

I this air that the respiratory function 

of iiehes is carried forward. On 

examination, however, it is found that this ia | 

K,.i» "« t™? atmospheric air 

but a mixture, which is richer in oxy- 
gen. The atmosphere contains 21 per 
cent, of oxygen, but this gas contains 
33. The cause of the difference is the 
unequal solubility of oxygen and nitro- 
gen ; for the former gas, being much 
the more soluble, the water takes up 
relatively a greater portion of it from 
the air. Fishes, therefore, respire this 
, gas, its richness in oxygen making 
ap for its inferior amount ; and when 
tbey are placed in water which has 
been in an exhausted receiver, they die. Their move- 
tnents, also, are, to a certain extent, regulated by the air 
contained in a receptacle, or bladder, in their bodies f by 
the compression of it diey can descend, and by its expan- 
Hon rise. If they be placed in water in a partially ex- 
hausted receiver, they float on the surface, or can only 
descend to the bottom for a moment by violent muscular 
exertion. 

fig_ IM. , The necessity of air to the support (rf com- 
bustion may be illustrated by comparing the 
length of time a candle will burn m a large 
receiver full of air, and in the same exhaust- 
ed. Fig. 199, In the latter case it speedily 
dies out, the smoke descending to the bottom 
of the jar in the rarefied medium around. 
Subslancee prone to decay, such as meats 
I and fruits, may be preserved for a length of 
time in vessels void of air. The process is 
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illiutrated in Fig. 200, The Fig.m. 

fruits are placed id a lai^e jar 
closed by a sound cork, covered 
with BeaJing-wax. A small bole 
is made tlirouKh the cork, and 
the jar covered by an air-pump 
receiver. On exhausting, the 
air pssaes out through the hole, 
and when the vacuum is per- 
fect the hole is dosed by melt- 
ing the wax by the sunbeams 
converged by a convex lens, i 
the access of the air being thus 
cutoff. 

From the foregoing experiments and considerations, it 
appears that the primary fact in pneumatics is, that the 
atr has weight ; mim tins, by a necessary consequence, 
arises its pressure and the inequality of density ef the at- 
mosphere at different altitudes. It also follows that the 
Mastic force of the air must be precisely equal to the 
pressure upon it. In any given stratum of air, as, for in- 
stance, that niiich rests upon the surface of the earth, the 
pressure of the superincumbent mass is equipoised by the 
elastic force ; if the elastic force were less, compression 
would ensue ; if greater, dilatation. The pressure and the 
elastic force must, therefore, be equal to each other. 



LECTURE XLIV. 

Atmospheric Air. — The Barometer. — Descriptumofit.-^' 
Caiue of the Fhenometum. — Proof that it ii the Fretntre 
of the Air. — Histmy of the Jnvejitioit. — Paichal's Ex- 
perim&at. — Illuttratumt of the Nature of Fre*r<i,re.-~- 
Variability of Pressure. — PoitU of Perpetual Congela- 
tion. — Local Disturbance! in the Constitution of the Air. 
— Diffusion qf Gases.— The Air is a Mixture.— Mar- 
riotle's Late. — Gay-Lvssac's and Rvdherg't Lata. 
If we take a tube of glass, a b. Fig. 201, page 200, more 

By what msMu nu^ i 
{■ thi relation beCveen I 
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Fig. Ml. than thirty inches long, closed at one end and open 
Hi at the other end, and, having filled it with quick- 
U silver, invert it in a cup, c, filled with that metal, the 
mercury will not flow out of the tube, but will 
remain suspended at a height of twenty-eight or 
thirty inches. If there be placed beside ng. va 
the tube a scale, d, divided into inches and 6 
decimal parte, the zero of the division 
coinciding with the level of the mercury 
in the cup, such an instrument forms the 
p barometer. 
The caQse of the enspension of the mercury in 
the tube is the pressure of the air. This may be 
demonstrated by placing over the b^ometer a 
tall air-pump receiver, and exhausting, ''' '" 
be found that, as tbo pressure in the in 
the receiver ia reduced, the column of mercury 
in the barometer &lls, and on roetoriog the press- 
ure, it rises to its original point. 
f^, ggi The same fact may be proved in anodier mamiet 
M If a tube, upward of thirty inches long, the upper 
extremity of which is closed by a piece of bladder, 
be filled with mercury and inverted in a cup, aa 
shown in Fig. 203, the bladder will be found deep- 
ly depressed, the pressure of the air in that di- 
rectioQ being borne by it; but if now a minute pin- 
hole is made in the bladder, so aa to allow the air 
to preea upon the top of the mercury, the column 
rapidly descends, flowing out of the tube. 
The barometer was originally invented by Torricelli, 
Some plumbers, working for the Duke of Florence, found 
that it was -impossible to make a pump which should raise 
watermore than about thirty feet. This &ct eventually com- 
ing to the knowledge of Torricelli, he suspected that the 
water rose m those machines in consequence of the pressctre 
of Ijie air, and not through Nature's abhorrence of a vac- 
uum, as was at that time supposed. But if the limit to 
which water can be r^sed by a pump is reached when the 
pressure of the column of liquid equilibrates the pressure 
of the air, it follows that if a heavier fluid than water be 

Deicribe tlie barometei'. What ia it whicli wppord the morcoiial col- 
wmit Hav mn Oiii be proved ? By whom waa Ae buometer ioTeiit- 
^, iiri. .,.--=... wottheiiiTenlimr 
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used, die bei^t to whicli it can be raised ia less. A pump 
ought, thereiore, to lift quicksilver only about as many 
inches as it can lift water feet ; for the weight of these 
liqui4B is about ea one to thirteen and a half, and, accord- 
ingly, Toiricelli found, by means of a small pump fixed 
to a long glass tube, that such, in reality, is the case. The 
barometer ia a simplification of the same apparatus. 

That it is the pressure of the air which suatuns the mei^ 
curial column was saEisfactorily proved by Paschal, who 
reasoned that, if this were the case, the barometric column 
ought to be shorter on the top of a mountain than in a 
yalley, because in the former position that pressure must 
necessaril;j[ be less. On the experiment being made, his 
reasoning was ^und to be true. 

The principle of the barometer may be illustrated W 
safaMituting for the pressure of air the pressure of a col- 
umn of water. Thus, if we pour some quicksilver into 
the bottom of a deep glass jar, a. Fig. 204, and ***■ *'*■ 
plunge into it a long tube, b, open at both ends, '^"^ 
the quicksilver will ris^p this tube, so that its 
level on the inside will Be coincident with that on 
the outside. But if now We begin to fill the jar 
with water, c, for every thirteen and a half inches 
in depth poured in, the quicltsilver, d, will rise 
ono inch,- the mercurial column counterpoising 
the column of water. And, on die same princi- 
ple, the column of quicksilver in the barometer c 
poises that of the air to die top of die atmosphere 

Mr. Boyle discovered that the pressure oithe a 
always the same, but it undergoes many variati 
mercurial column sometimes falling near to 27 inches, or 
rising above 30. The range is commonly estimated at 
2'5 inches. It is considerably less in the tropics. These 
changes of pressure are exceedingly irregular, and' are 
connected with meteorological phenomena. There are 
also diurnal variations, the column rising twice in the 
twenty-four hours. In winter the first maximum is about 
nine A.M.; and the minimum at three P.M„ the second 
n being about nine P.M^ 

iPTii:1 'What did it ptDTG 1 Howmajtha 
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It has already been obsei-ved that die mean pressure of 
the air is estimated at IS pounds upon a square inch, or 
equal to a column 30 inches long. A man of average size 
sustains a pressure on the sur&ce of his body of nearly 
thirty thousand pounds. 

The temperatiu^ of the atmosphere is lower as we as- 
cend to more elevated re^ons. A point, therefore, can 
always be reached over any place of which the lempera- 
ture never riaes over 32° F., and where water is always 
Gmzen. This point ia known under the name of the point 
of perpetual congelation. Its altitude differs very much 
in different places, being highest at the equator, and low- 
er as we go toward the poles. It is at 

The Si]Tutor .... 15,000 feeff . 
LnHtnde J0° . . . . 9000 " 

IIP ... . 1000 " 

9S=. . . . 117" 

n give rise to local disturbances 
ir. In its lower strata combus- 
tion and respiration are activehtgoing on ; they tend to 
diminish the oxygen and increaB the carbonic acid. At 
the equator the effect of a constantly brilliant sunshine on 
the leaves of plants is to diminish the carbonic acid and 
increase the oxygen. But notwithstanding these local dis- 
turbances, and also the fact that the constituents of the 
air are of very different specific gravities, the conatitutiou 
of the atnioaphere ia nearly the aaroe in all places. This 
, Fig. MS. commixture is partly effected by the mechanical 
a action of winds, and partly by the property which 
gases have of diffusing into each other. Thus, 
I if two vials, a and e. Fig. 205, communicate with 
' each other by means of stop-cocks, bed, and if, 
I, a light gas, such as hydrogen, is placed, and 
: a heavy gas, as carbonic acid, in a few min- 
3 after the stop-cocks' are opened the gases 
will diffuse into each other, the light one descend- 
ing and the heavy one ascending, until they are 
1 perfectly commixed. And this effect wilt take 
I place even though a barrier should intervene. 
I Thus, Dr. Mitchell found that gases would read- 
' ily pass through the close texture of India-rub- 

WbM u the prist of perpetnal congalBtianl How doei it vnj with 
Hw latitadal What «n tha euuei wUrii tend to <diUEB Of oomood- 
«wi(*th«»jTT Whrti.nw.MttVflwdiaiuioinifgMMl 
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ber to mingle with each odier ; and I faava observed the 
B&jpe in the case of films of water. Thus, if a ^^ ^^^ 
bottle, a, Fig. 206, tlill of atmoBpheric wr, have its 
mouth closed by a filni of soap-water spread over 
it by the finger, and then be placed under a belt 
jar contfuning; protoxide of nitrogen, this latter 
gas passes rapidly through the film, and distends 
it into a bubble by forcing its way iuto the bottle. 
The force with which gosea will thus pass into each other 
is sometimes very great. I have proved that sulphureted 
hydrogen will diffuse into atmospberic air, though resist- 
ed by a pressure of more than filly atmoepheres. 

That the atmospheric air is a misture, and not a com- 
pound, is pr«ad by its easy decomposibiUty, its reEmct- 
ive power, aii3 by the fact that its constituents retain their 

Sroperties unchanged. The amount of its oxygen may be 
etermined by the combustion of phosphorus, or detona- 
tion with hydrogen ; the amount of its carbonic acid, which 
varies in damp or dry seasons, being dissolved out by 
showers of ram, may be determined by potash oi lime- 
water, and its aqueous vapor by die process for the dew- 
point already described. 

Atmospheric air being thus an elastic and compressi- 
ble body, it remuDs to explain the law which de- ng.KT. 
termiues its volume under changes of pressure. 
Thb is known under the name of the law of Mar- 
riotte, and, applying to many other gases besides 
atmospheric air, is to the effect that the volume of 
a gat M inversely as t/ie pressure upon it. This law 
is of the utmost importance in gaseous chraustry. 
It may be illustrated by the instrument {Fig. 207), 
where a 6 is a bent tube, open at the end a, and 
closed at b. The branch a may be several feet 
long, and b six iDches. A snAll quantity of mercury ia 
poured into the tube, so as to occupy the bend and shut 
up a column of air between (i and A. Now, if the tube is 
filled with quicksilver to the height of 30 inches, as to a, 
the pressure of this column is exerted on the wr in the 
closed branch, h ; and as there are now the weight of two 
atmospheres, that of the ordinary atmosphere and that ot 

Da« thii Uke pluM Ounaali interrening burien t Ho* ii iMi cffli- 
S^tACTe^mUtartp^nnt.coaiponiid? WbMuM«riotW'. lawl 
How ni«r it" Wntb be proT«a I O*" 
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the mercurial column, it is compressed into half its fonner 
volume, c. If we bring upon it three atmospheres, it will 
be compressed into one third ; if four, to one fourth, fcc 
And the law holds good, also, for diminutions of pi-easure. 
If, on a given volume of gas, the pressure is reduced to 
one half; the volume doubles ; if to one third, it triples ; 
tcrone fourth, it quadruples; in all cases the volume being 
inversely .as the pressure. 

The exact amount of dilatation of atmospheric air for 
elevations of temperature was determined by Uay-Lussac 
as follows ; In a tin box. A, containing water, there la in- 




troduced tlu'ough a p( 
g', contftimng__the — 



' a bulb, g, with a tube, 
__ . , the dilatation of which is to be 

measured. This air has been previously introduced in a 
state of dryness hy the chloride of calcium tube, A A'. At 
m is a globule of mercury, which acts as an index, and 
confines the air. On the opposite side of the tin box, at 
o, a thermometer, » ( 5, is introduced, and another one, v, 
passing through the top of the box, occupies the center. 
The box is first filled with water containing fragments of 
ice, and when the thermometers are at 32°, the position 
of the index, m, is marked. The furnace is then lighted, 
and when the water boils, and the tfaermometera are at 
212*^, the index, m, is agmn observed. The difference 
indicates the dilatation of the air for 180^ ; and in this 
manner Gay-Lussac found that 1000 volumes of air be- 
come 1376. These results have been of late carefully ex- 
amined by Rndberg, who fixes the amount of expansion 
of air at yj^ of its volume, at 32"^, for every degree rf 
Fahrenheit's scale. 

ly-Liuiac T Wbst is cha Kbotnta djUatatioi of ilr 
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LECTURE XLV. 




CoHPouNDB OF NiTBOOEN AND OxroEN. — Frotoxtdt of 
Nitrogen. — Preparation and Properties of. — Conttitv- 
tioji. — SupporU Com,bu»tiim. — Producer InloxieatUM. 

Deutoxide of Nitrogen. — Preparation and Propertk* of. 
— ContHtutuM. — Relatiom to free Oxygen. — Hyponitric 
Acid. — Pr^aratioit and Propertiet of, 

■ FBOTOXIDB 07 NTTBOaSN. HO = XtDOS 

If the nitiBte of ammonia be exposed to a temperatuTe 
of about 350 degrees in a retort, ^- *»■ 

Fig. 209, it undergoes decompo- " 
sirioD, being rcBolved into water 
and die protoxide of nitrogen ; tbi 
former condensing in tbe neck o 
the retort, and the latter rising 
intothepneumaticJHj'. Ifwfaitish ^ 
fumes are evolved, they indicate that the procesB 
on too fast, and the heat muBt then be moderated. The 
change tating place is very simple. It is a mere rearrange- 
ment of the conatituent atoms of the nitrate of ammonia. 

NOs + NH, ... = ... 2(N0) + 3{ffO). 
One atom of that salt, therefore, yields two atoms of 
protoxide of nitrogen and three of water. 

The protoxide of nitrogen is a colorless gas, transpa- 
rent, hke atmospheric air ; it has a sweetish taste, and is 
soluble in water, diat liquid taltiug up about three fourths 
of its volume of the gas when cold, hut the solvent power 
being greatly diminished by warming the water. Its 
Specific gravity is 1-527. It may be liquefied at rv.sia 
45° by a presBure of fiity atmospheres, and has O 
even been solidified. It is coinposed, by atom, of w9 
one of nitrogen and one of oxygen, and by vol- J\\ 
ume, of two volumes of nitrogen united to one^ of iyGjA 
oxygen, condensed into two volumes, a constitution ^BJ^ 
like that of water. It therefore contains half its V—y 
bulk of oxygen gas, and supports combustion with \^^ 

How noypiotoiide of nitrogen be madsl What tro lu prapeitietT 
What ii in oonstiMticot DMiit iapportconbiuHoiit 
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BCtiviiy. A lighted taper immersed in it buniB WigbtlT^ 
and, as in oxygen, if tbere be merely a apaik on the mck, 
it kindles into a flame. Phosphonis bums in it with great 
brilliancy. 

Sir H. Dary diacorered that not 6aly does this gas eup- 

f)ort respiration, but that it exerts a remarkable phyaio- 
ogical action when breathed, producing a transient in- 
toxicaiioii, which wears off aAer two or three minutes. 
These effects are undoubtedly due to the oxydizing ac- 
tion which the protoxide establishes in the system. In 
this respect it is far more active than even pure oxygen 
gas, and the reason is obvious : oxygen is but slightly ab- 
aorbable by watery fluids, but this ^ is taken tip by 
them to a very great extent. When it is introduced into 
the lungs, it is rapidly dissolved in the blood, and carried 
by the circulation to every part of the body, oxydisinR 
whatever ia in its path, and producing a febrile warml£ 
and an unusual mental disturbance. 

The protoxide of nitrogen shows but little dbposition to 
unite with other bodies. It may be regarded as an in- 
different substance. 

DEUTOXIDK OF NITROaEN. WO, =30-316. 
The dentoxide or binoxide of nitrogen may be made 
by the action of nitric acid moderately diluted upon me- 
tallic copper. If these substances are introduced into a 
Fis-Ki. flask together, and, when the action mod- 
"" erates, fresh portions of nitric acid be added 

through the nitinel {Fig. 211), a colorless gaa 
is evolved, which may be collected over wa- 
in which it is only sparingly soluble, one 
hundred volumes ol that liquid dissolving 
about five of the gas. 

't b composed of equal volumes of nitrogen 
and oxygen united, without condensation. Its specific grav- 
ity is, therefore, 1-0116. It does not support combustion ; 
a lighted taper immersed in it is at once extinguished ; 
but if phosphorus, burning violently, be introduced in it, 
the combustion goes on with increased activity. Iron 
and several other metals withdraw from it one half of 
its oxygen, converting it into the protoxide. 

What ira iu reluioiu to reipinljcm 1 How laog doei tfait intoiicatiiiB 
•B^ct lutr What ia difl cBoae of it r Wbj la tbe proundJ* of nilnnB 
in indiBenBt aabcEaiiiia ! How li tba dnl^dd* ebMinedt Wlut is Ms 
— --i— "-aij J)0M it aopport cc ' ' " ' 



;,Googlc 



BTfOMITSOUB AaD. 307 

The most remarkable quality of the deutoxide of nitro- 
gen is its action on mixtures containing oxygen gas, as, 
for example, atmospheric air ; with these it at once pro- 
duces red fumes of nitrous acid, which are soon removed 
if water be present, the deutoxide taking up two atoms 
of oxygen to change into nitrous acid. On ^is principle 
it has been used for the purpose of efieeting the analysis 
of atmospheric air, bnt, unless sererol precautions are ob- 
served, tlifl results are incorrect. The deutoxide should 
be added in a small and steady stream to the air ; red 
fumes are at once produced; these are soon removed by 
the water, and the residue is less in volume than the air 
and deutoxide taken together. One iburth of the deficit 
is equal to the volume of the oxygen originally present. 
By operating in this manner, as I have had many occa- 
sions to observe, correct results may be obtained. The 
general process may be illustrated by taking a tall jar 
and placing in it a certain volume of atmospheric air, to 
wUch is to be added an equal volume of the deutoxide. 
Thoogh both gases are colorless at first, a deep copper- 
colored vapor is the result ; this is removed aitier a Ume 
by the action of the water, which, rising in the jar, ex- 
hibits a deficit in the amount of the gases. 

A solution of the protosulphate of iron dissolves this 
gas abundantly ; and if a small quantity of the sulphuret 
of carbon be poured into it, and a light applied, the mix 
ture bums with a blue flame. 

HYPONITIIOUS ACID. NO, = 3BS29. 

This substance may be made by mixing four volumes of 
dry deutoxide of nitrogen vrith one of dry oxygen, and 
exposing the mixture to cold. The gases condense into 
a liquid of a greenish color, which gives forth an orange 
vapor. Hyponitrous acid is decomposed by the contact 
of water, deutoxide of nitrogen escaping with an effer- 
vescence, and nitric acid being produced, ibree atoms of 
hyponitrous acid yielding one of nitric acid and two of 
the deutoxide. 

3iV0, ... = ... NO^ + 22VO, 



Ekiw nuiv iti Bctlon m oiygan nuiiurei d« uiubhmjsu j What it um iw 
I»«ionwfth theprotetolphitBof hronl And irh« with Uio Tipor of boI. 
phuMaTosAcat Hcnr mif bypmitKMM idd b« procured? Wbtt i« 
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LECTURE XLVt 
COHPOUNDB OF NiTROOEN AND QxTQENj — NUrvut Add. 
— PrgMiratwn and Properiin of. — RemarJcaile Cheutget 
of Color. — NUric Aeid.^^XHtcovenf of. — Cavetidith't 
Experiment*. — Soweajrom which it it Derived. — Com- 
mereial Preparation. — lU Propertiet. — It a ilypothet- 
ieai Bodt/^^Purification. — Detection. 

mraous acid. NO,=Ktt3. 
Nitrous acid may be made by mixing together one 
volume of dry oxygen with two of the dry deutoxide (^ 
nitrogen, and exposing the mixture to a veiy low tem- 
perature ; but it ie much more easily procured by dietill- 
ing, in a porcelain or hard elaaB Hr- *"- 

retort, a. Fig. 212, dry nitrate r' ** 
lead, and receiving the gases i 
a tube, b, artificially cooled by a ' 
freezing mixture, e. The nitrous * 
acid condenses as a colorless liquid, < 
which becomes yellow as its temperature rises. Its spe- 
cific gravity, in the liquid form, is 1'42. It solidifies at 
40° F,, and boils at 82° F, Its vapor possesses remark- 
able optical qualities. When its temperature is very low, 
it is nearly colorless ; it takes on an orange tint as the 
degree of heat increases, and finally becomes almost 
black. The peculiarity of the phenomenon is, that if the 
gas be examined while undergoing these (gauges, by 
passing a ray of light through it and analyzing it by mesas 
of a prism, as explained in Lecture XIX., a great number 
of fixed Unes are found in the resulting spectrum; and as 
the temperature rises these increase so much in number 
and in breadth that the light becomes finally obliterated. 
The vapor of nitrous acid, when once mixed with atmos- 

Sheric air, is condensed into the liquid form with great 
ifficulty. It IS wholly irreapirable, and, even when di- 
luted, of a very unpleasant odor. Nitrous acid is, for the 
most part, decomposed by water, 

3N0^ ... = ... 2NO, + NO„ 

How may nitrcnu acidbeiaidel 'What ■» in propertiei f How doas 
tbs color of it! Tapor dwage by heU t Wlut ji tbs ouue of flia fluil 
*-'--' * WbHsrsttMnOulaDiafnitiinjBEiilaiidwUerT 
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diree atonu of it yielding to two of nitric acid and o 
die deutoxide of nitrogen, as seen in the formula ; 



the nitiic acid produced protects a portion of the nitrous 
IS decomposition. Its vapor is al 
^ The production of this acid by tbo. 

|)roceaB with nitrate of lead is of considerable philosopb-' 



acid, which thns escapes decomposition. Its vapor ie 
Boibed by nitric acid- The production of this acid by the. 

process with »-■ — " — ■" — ■' — '' '^ — '-' — ^-' "■ 

ical interest ; 

PbO + NO,...=:...PhO + NO,+ 0, 
one atom of the nitrate of lead yielding one atom of ox- 
ide of lead, which remains in the retort, one of Bitroos 
acid, anfl one of oxygen gas, which escape. It might be 
expected that, in such a distillation, we should obtain 
oxide of lead and nitric acid. The cause of the non-ap- 
pearance of the latter body will, however, be presently 
understood. 

NlTarO ACID. NOt = H-255. 

Nitric acid, the most important of the compounds of 
oxygen and nitrogen, and one of the most important of 
the acid bodies, was first discovered during the ninth 
centuiT. The discovery of this and some of the other 
powerful acids form one of the epochs in chemistry. The 
science can scarcely be sud to have existed until that 
time, the Egyptians, Greeks, and Romans having no 
knowledge of these bodies, nor, indeed, of any more pow- 
erfiil than vinegar. 

The constitution of nitric acid was determined by Mr. 
Cavendish, who formed it synthetically, by passing electric 
sparks throu^ atmospheric air in contact with a solution 
of potaA. The nitrate of potash was obtained. 

Nitric acid also occurs to a small extent in rain water, 
especially alter thunder storms, and by some supposed to 
originate upon the same principles as in Cavendish's ex- 
periments; but probably it is due to the oxydation of 
ammonia, whiqh always exists in the air. The chief sup- 
ply is derived indirectly from the decay of vegetable qt 
animal matter, in the presence of oxygen %as, and in con- 
tact with basic bodies. Collections of such reiiise pass 
under the name of nitre beds, and, in France and Ger- 
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SIO MITXIC ACID. 

mai^, fumiiih the Bsltpetre which is used ibr the manu* 
facture of gunpowder. In the Eaat Indies, nitrate of 
potash is obtained by lisiviation from the soil in which 
earthy nitrates naturally occur. From South America 
the nitrate of soda is exported ; it is found as an efflo- 
rescence on soils in which common salt probably exists. 

In most of these cases the nitric acid arises from the 
oxydation of ammonia produced during putrefactive fer- 
mentation. 

NH, + O. ... = .. . JVO, + 3HO. 
The formula shows the probable nature of the acSon ; one 
atom of ammonia, under the influence of eight of oxygen, 
will yield one of nitric acid and three of water, 

The nitric acid of commerce is made by distilhng equal 
weights of sulphuric acid and nitrate of potash. The 
process may be conducted in a small way in a glass re- 
tort, A, Fig. 213 ; and it is found advantageous to us« 

Fig. tl3. 



the quantity of sulphuric acid here stated, because a solu- 
ble bisulphate of poCash ia formed, which may be easily 
removed without breaking the retort. Half as much sul- 
phuric acid would effect the decomposition, but it would 
require a high^ temperature, and the neutral sulphate 
which forms wnild vfith difficulty be removed. Ths 
change which takes place is thus eidiibited : 

(KO, NO,) + 2{H0. SO^ ... = ... {KO, HO, 2S0A 
+ {HO,N0,;) 
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tliBt is, one Uom of nitrate of potash and two of sulpfatiric 
acid tiunish one atom of bisulphate of potaah, and one of 
bydrated nitric acid diadlla over into the receiver, B, which 
is kept cixA by a stream of water flowing from t into a 
Tessel, c c, the waste water passing through led. A net 
is wrapped over the receiver to distribate the water 
evenly. In this process nitrate of soda may be advanta- 
geously substituted for nitrate of potash. 

Hydrated nitric add thus produced is a colorless liquid, 
which boils at 246^ F., thoue^h this point changes with 
the amount of water in the acid. It freezes at —40° ; ts 
decomposed into oxygen and nitrogen by being passed 
through a red-hot glass tube. It turns yeUow in the sun- 
shine, owing to a portion being decomposed and nitrous 
acid set'&ee, which dissolves in the residue, and gives it 
an orange tint. The nitric acid of the shops (aqua fbrtis) 
commonly possesses this color, from which it may be 
freed by boiling in a glass vessel. It stains the skin and 
other organic matters yellow, and hence ia used in the 
arts of dyeing. Its acnon on many metalUne and other 
combostible bodies is exceedingly violent, nw- fs- *m. 
ing to the great amount of oxygen it contains. 
Poured upon some pieces of copper in a wine- 
glass, over which a bell jar may be inverted I 
[Fig- 2H). an effervescence takes place, an^ 
the red fumes of nitrous acid abundantly fom 
Thoughitia one of the moat powerful oxydizing * 
agents we possess, it often happens that, in a state of 
great concentration, it will scarcely act on a metal, but 
Uie addiflon of a little water causes the action to set in. 

Nitric «cid (JVOc) ia a hypothetical or imaginary body 
which has never yet been isolated ; the nearest approach 
to it that we know is the strongest aqna fortis. Tnia has 
a specific gravity of 1'5S1, and consists of one atom of 
hypothetical nitric acid and one of water. Its fbrmola, 
therefore, is ■• 

NO^+HO. ^ 

Its molecular constitution probably is 

NO, -h H. 

Whit va id propertiei 1 Wlien puied tlinn^ s red-bat tab*, wlnt 
hipiwiu to it) wliyii eiBameTculiiitricicidoft«ii3relk>w? WbatktlM 
■oSDnDf lliii uid OD tfaa ikin *od oa metdlic bodie* 1 WhU ii III* oMp- 
■n ■pptovii to iTpoaietlcBl Dinic vM t 
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It is, aa we shall find hereafter, a hydrogen acid. From 
thia we see the reason of the circumstsnce that in the de- 
Gontposicion ofdry nitrate of lead, described in this Lecture, 
nitric acid does not make its appearance, hnt nitrous &cid 
and oxygen ; for, being a hypothetical body, its atom is 
dissevered in the act.of being set free. 

Nitric acid of commerce can be purified by diatillatioD, 
rejecting the first portjons which come over, ae they con 
tarn chlorine, and leaving a portion in the retort coAtain- 
ing sulphuric acid and fixed impurities. If twelve parts 
are dteulled, the first three may be c^st afiide, and onn 
left in the retort; the intermediate eight are pure. 

When it is in a solution, nitric acid maybe detect^ by 
the addition of sulphuric acid, and a drop or two of pro- 
tosulphate of iron ; a brownish color is produced where 
the two liquids meet. When in a concentrated state, the 
evolution of red fumes, by the action of copper, detects 
it. It also gives a blood-red color with morphia. The 
nitrates deflagrate when ignited with combustible matter, 
a result which may be well shown by grinding together a 
few ounces of nitrate of potash and common sugar, and set- 
ting fire to the mixture. Owing to the solubility of all itt 
compounds, nitric acid can not be precipitated. 



LECTURE SLVII. 
SuLPHDR. — Natural and Artificial Forms. — Pr^aratian 
of Flower*. — Properties of Sulphur. — Us- Vapor. — Ox- 
ygen Compoyitda ofSidphur. — Stdphurotts Acid, — Prep- 
aration, — Properties. — Bleaching Effects. — Condensa- 
lion to the Znguid State, — Ita Compounds. 
SULPHUB. £r=U'ia. 

(• MnoB of the sulphur in commerce is derived fiom vol- 
canic countrij^in which it occurs often in a pure and 
crystallized smI. It is one of the most common element- 
ary substances, being found abundantly united with va- 
rious metals, such as iron, copper, lead. In combination 
with lime, baryta, &c., it occura as sulphuric acid, and is 
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FLOWEKS OF SULPUUK. SIS 

alco an ingredient of many animal and vegetable prod- 
tress. 
f Sulphur is net mth under three different forms : roll 
I sulphur, flowers of sulphur, and lac sulphuris. Roll sol- 
pfaur is an impure variety, which receives its form from 
being cast into cylindrical molds ; the flowers of sulphui 
are formed from tbu impure brimatone by sublimation; 
lac sulphuris differs from the foregoing in being of a white 
color. It is prepared by precipitation from the persulpha- 
ret of potassium by hydrochloric acid. rfvA-7 ^..M^C- -^ 

The prepanttion of flowers of sulphur is conducted in 
an apparatus, such as Fig. 315. A is a room, c 




of 2000 feet capacity ; c is a pan containing sulphur, which 
is melted by the furnace, o t ; the vapor passes along i d\ 
b, and, entering the chamber, is there condensed. The re- I 
suiting flowers are removed through the door p. If an } 
explosion occurs, when the process commences, it liSs I 
(he valve e, and the gases escape through the chimney, 1. 1 
Jlf JU is a shed under which the apparatus is constructed. / 
Afi the iron pan becomes exhausted, new quantities off 
brimiBtone can be introduced through the door n. 

Sulphur commonly exists as a solid of a yellow col- 
or, and of a specific gravity of 1*99, having neither taatft' 
nor smell. It melts U 226° F. into a pale yellow-colored . 
liquid ; but what is very curious, if the heat be raised to} 
about 450<3 F., it changes to the color of molasses, and be > 
comes so thidt and tenacious that the capsule in which' 
the fusion is carried on may be turned upside down with- .■ 
out the sulphur flowing out. At 600° F. it boils, and, as^ 

WliMaMiCi utiflraBllbrmal Saw an Ilia Smven of nlpbor made T 
W1u((retbepnip«rtiefof nlpliiiil Wtut cbuig«i m>j b* gbmrad Ib 
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214 PBOFEKTIES C 

the heat approaches that point, it agmn becomes fluid ; 

anil, as it cools, runs through the samq changes again in a 

rerene order. If auddenly qnencbed in cold water at the* 

. low temperature, before it thickens, it soliAifies into ordi- 

y 'nary sulphur; but if heated for a time to near 600°, and 

>S' then quenched, it becomes, oa cooUsg, elastic, like India- 

>/v: rubber, and may be drawn into long threads ; and in thia 

vT*'^ state is somMimes nsed for taking casts of ctnns, for by 

^ ^keeping a few days it slowly fetums to the condition <»| 

^ V ordmary sulphnr. 

^ When rubbed on a piece of flannel it become^- highlji 

electric, assuming Uie negatiTe state, and at one time was 
used in the making of electrical machiBes, before the pow- 
ers of glass were discovered. A roll of it held in the 
warm hand emits a crackling sound, the crystals of which 
it ia composed separating irom one another. It is a bad^ 
conductor of heat and electricity," crystaUizes under two 
different systttns, and is, therefore, a dimorphous body, 
one of its forms being an acute rhombic octahedron, and 
the other an oblique rhombic prism. When heated to i 
about 300° F. in the open air, it takes fire, and bums I 
with a blue flame, emittmg a sufibcating odor, iiimes of ( 
sulphurous acid gas. It is wholly insolnble in water ; its | 
pr^Mr solvent is the hiaulphuret of caxbon. < ' , 

The vapor of sulphur is of a deep yellow color, and has 
the high speciSc gravity of 6'648. In it metallic bodies 
will bum precisely «» they'da 
Kg. lie. ^ /^Pt\ '° *^^1S^^ ??»■ Dr. Hare baa 
^ shOvra that if a gun barrel be 
heated red bot at the breech, 
and a piece of sulphur drop- 
ped into it, the muzzle being 
closed with a cork, an ignited 
jet of sulphur vapor issues from the touch-hole, in which, 
if a bunch of iron wire be held, it takes fire and bums brill- 
Sulphur has a very extensive range of aflinities, uniting 
with mobt metallic substances in several diSevent propor- 
tions, with hydrogen and also vrith oxygen. "W^th the 
latter substance it furnishes the following cbmpo^ds : 

What elsctrioil eonditioii doei it uruua In Inctioo 1 VfhaX am iu 
oondnctiDspowanl W1^ ii it ctUed a dDSSCpimu body 1 AtwhUtMt- 
p«tnra dau it Cake Sre, and what ii the podoct of ita cambaitiao T 
W^iiHia apeeifia graTiCjtf it! vapor T Dom it tapDon ocanbuiicaf 
Wl>alar.(hai»yj«i<K>mpimidr«Cfiil^»rT ^^ 

D..„-;;c:,G00glc 



so,., so, . . S,0, . . S.O. . . StOt . . 8t Or, 
their deeignatione are, respectively, 



Bypomilphiiii 

BULPHUaOUS 4CIS. SOi = 321*6. 

TLis acid may be ^nned by bvirning' aul- ny.iiT. . 
pliur in oxygen gaa or in atmospheric air ; in 
t&e latter instance the resulting gas is, of 
Gouree, contaminata^ witii nitrogen. The pro- 
cess may be conducted under a bell jar, the 
burning sulphur being placed on a capsule or 
stand. 

But a much better proceaa is to eSect the 
txutial deoxydation of sulphuric acid byheat- 
mg oil o£ vitriol with mercuiy, which deprives it of one 
atom of oxygen, forming an oxide of mercury, which 
unites with one atom of the excess of sulphuric acid pres- 
ent to form a sulphate. For many of the ordinary purpo- 
ses to which Bufphuroua acid is applied. It may be pro- 
cured by the action of fragments of charcoal heated with 
• sulphuric acid. In this case, however, carbonic acid ia 
also evolved. When a solution in water is required, the 
gas may be passed directly into that liquid, but if it be nec- 
essary to retain it in a gaseous state, it must be received 
in jars at the mercurial trough, or collected by the meth- 
od of displacement. 

It is, under ordinary circumstances, a transparent and 
colorless gas, having an un- Fig. lis. 

pleasant taste, and the smell 
characteristic of burning sul- 

Ehur. It is wholly irrespira- 
le, an3 promptly extinguish- 
es a lighted taper. Its specific 
gravity is 2'2S2, and, therefore, 
' if a stream of it which has been > 
cooled by flowing from tiie ^ 
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316 SULPBDROUS ACID, 

generating flask a, J^. 21 8, through abent tube, ^, inunera- 
edina jar of cold water, be conducted to thebotton»c^an- 
otberjar, c, the gaa, aa it collects, displaces the atmospheric' 
air, floating it out of the Tassel. This process is of very 
geoeral application in the collection of gaaea which are . 
absorbable by water, and ie known under the name of die 
method by displacement. * 

In a jar of sulphurous acid thus collected, if a lighted 
Fig. iiH. taper be immersed, 4t is at once extinguished. 
C\ If the jar 'be inverted *er water, the gas is 

da speedily dissolved, that litjnid taking up about 
JR \ thirty -sey en times its volume of the gas. If veg- 
JtftBk etable colors are submitted to its influeoce, they 
■R Ifll ^'^ bleached, but the color is not destroyed as in 
UVUM bleaching by chlorine, since it can be restored 
^_/ by the action of a stronger acid. 
Sulphurous acid is among the gases one that most read- 
ily takes the liquid form. If there be connected with the 
flask from which this gaa is being evolved a bent tube pass- 
ing through iced water in ajar, and the gas, after traversing 
this tube, be conducted into a bottle placed in a freezing 
nixtura of snow and dilute nitric acid, if condenses into 
a colorless fluid of the specific gravity 1'4'5, which boils 
Kt 14*^ F. This fluid is sometimes used to produce in- 
tense cold by its evaporation. 

With bases, this acid forms a complete serieo^iiff salts, 
the sulphites, which are readily decomposed by the stron- 
ger acids, and are occasionally employed aa deoxydizing 
agents, hora the circumstance that metallic oxides maybe 
reduced by them, their sulphurous passing into the con- 
dition of sulphuric acid. 

Wliitu thanutbadb; diiplsEement 1 ToivhUettait ii Uiu seidud- 
nble in waterT An iU UeacbiiiB effccli parmwieiitl Emr nuv it ba 
OODdenisdl WhitmrethepioputisaofliMliqDidr Tcrirtat wmmtM 
tre llie nqiliitM emploTsdr 
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LECTURE XLVIII. 
CoHPODNDS OF Sulphur and Oxyggn. — Sulphuric Acid, 
— The Atthydrout Acid.— lu AJinitif for Water.— Ger- 
man OH of Vitriol. — It» CoTulitutum and Ute*.— Com- 
mon Sulphuric Add. — "Breparation on the Large Settle^ 
— Its Caemical Relattoni. — Purification. — Detection. — 
Other Sulphur Adds. 

SULPHURIC ACID. ^f^ = 4015a. j^«.i>v^ ric^.t... 
This csmpound is not alooe tE« most impcHtaDt of the r . 
acids of sulpaur, hdtt also the most important of all adds, f 
By tbe aid of it, nitric, hydrochloric, and many other ( 
strong acids are made for commercial pmrposAa. In the/ 
production of carbonate of soda and chloride of lime, im- 1 
menae quantities of it are consumed. I 

Of sulphuric acid via have several varieties, differing 
from eadi other in the amount of water they contain. 
1st. There is anhydrous sulphuric acid, the formula for 
which has already been given as containing one atom tiS 
sulphur and three of oxygen. This substance may be 
prepared by submitting the fuming oil of vitriol of Nord-. 
hausen to a temperature of about 200° PatK'., when there 
' distills over a white substance of a crystalline aniect. It 
fumes in the air, melts at 77° Fahr,, is converted into va- 
por at 160°, has an intense afiinily far water, in which, if 
It be placed, it hisses like a red-hot iron. It is to be par- 
ticularly remarked, however, that the acid powers of this 
substance are very feebly marked ; it shows little tenden- 
cy to unite with other bodies, and when such combina- 
tions are effected, the resulting substances are different 
from the true sulphates. 

2d. Q^nnan, or Nordhausen oil of vitriol, ifO, SO, + 
BO,. 

This substance is prepared by taking green viiriol, and, 
by exposure to heat, driving off its water of crystaUiza- 
tion (six atoms), and also a portion of its saline water. If 
the dried powder be placed in a stone-ware retort and 
exposed to a high temperature, there distills over a dark 

WbMweABpropBttieirfMihyarcKU dulpburie uid, and bow ii it m- 
nred! Wh»t 6 the procen fiit prapwing flie Oermim ml of Titriolf 
Wfau ii ita *ppau(U]ce 7 
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318 OIL OF VITKIOL. 

oily liquid; hezice tho term oil of vitriol : thia is the suT^- 
stance in queation. Its formula shows that it is composed 
of two atoms of anhydrous acid united to one of water, 
A considerable quantity of it is used in the arts for dis- 
solving indigo. 

3d. Common sulphuric acid, HO, SOi- 

This ia the substance which passes in commerce as 
common oil of vitriol. It is made on the large scale by 
burning sulphur with nitrate of potash or aoda, and con- 
ducting the sulphurous and nitrous ■ acids which result 
into large chambers lined with lead, in which steam is 
thrown, the bottom of the chamber being covered with 
^Bter. The sulphurous acid takes oxygen from the ni- ( 
troiis acid, reducing it to the condition of deutoxide ; butr 
this being done in the presence of atmospheric air, which j 
fills the chamber, the deutoxide instantly reassuines the 
condition of nitrous acid. The deutoxide, therefore, con- 
tinually transfers oxygon from the atmospheric air to the 
sulphurous acid, and brings it [o the condition of sulphuric 
acid. > ^ 

AStei a time the water at the bottom of the chamber 
becomes charged with sulphuric acid ; it ia then concen- 
trated by drawingofftheexcessof water in platina or glass 
boilers, and finall;^ asaumea the specific gravi^ 1'846, It is 
a dense, oily liquid, freezes at — 15° and boils at 620°. 

The attraction of common sulphuric acid fw water is 
Fig.vo. very intense. If a tube, contaming some ether,. 

fi«a he stirred in a glass {Fig. 220) in which sulphi' 
T*^ ic acid and water are being mixed, the te 
^M perature rises so high that in a few moEaenta the 
■a ether boils. On tho same principle, it will 
I move fi;om moat gases which are passed over K 
^ any water they may contain; and, as we have seen 
in Lect XII., mater may be frozen by taking advantage 
of the rapidity with which sulphuric acid will absorb its 
vapor. Organic aubstances may also be charred by the ( 
action of this acid; for example, woody fibre is a cora-( 
pound of carbon with tho elements of water, and when) 
acted upon by sulphuric acid, the carbon is set free, the*^ 
acid taking from it a portion of its water. ~ 

for wliM pnipoie ii it uied I What ii the ptoosM fi>r prepirins com. 
mendal »ulphone acidT What «re ita propenieil WTi«t lUaatntjau 
may bo Eiven of ita iDtenie aflinitj for waEsr? 
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Sulphuric acid of commerce is never pure ; it contains 
Bulphate of lead, derived in the process of its manufacture, 
and also, sometimes, arsenic, selenium, and nitroos acid. 
From the first it may be purified by dilution with water, in 
which sulphate of lead is inBoIiible ; but when required 
entirely pure, it must be distilled, the first portions being 
rejected. 

The presence of sulphuric acid may be detected by any 
of the soluble salts of barium, such as the chloride of 
barium, or the nitrate of baryta, the white sulphate of 
baryta precipitating insoluble in water and acids. 

To black woolen clothing this acid commumcatea & 
leddish stain, removable by being touched with ammonia. 

Besides the compounds just described, we haveodier 
definite hydrates of sulphuric acid, thus : 

(4) SO, + 2H0. 

(5) SO^ + 3H0. 

The fourth of these has a specific gravity of 1*78, and 
crystallizes at 39° Fahrenheit in large and beautiful crys- 
tals. The fifth has a specific gravity of 1'632, 

HYPOSULPHUaODS ACID, S,0, — *a-^«, 
has not yet been isolated; one of its salts, the hyposul- 
phite of soda, is estensively used in- the Daguerreotype 
process for removing the sensitive coating on the plates. 

HYPOStTLPHUBIC ACID, S,0( = K-353, 

is a Mrupy liquid of a very acid taste, and is not applied 
to any use. 

Besides these, we have two other acids of sulphur : 

Snlphnieted bypoanlpbnrio add, SjOb = 88475, discorored by Lmngloii. 
Bunlptinreted nypomlpharic add, StOi^ 1Q4'S9S, ^iscoTered by Fordo* 

Chemists are now very generally agreed that all these 
compounds are to be regarded as hydrogen acids — a 
striking departure from the Lavoisierian doctrines. They 
have Iwen led to this view bythe consideration that no 
well-marked acid exists in which hydrogen is not found ; 
that all these sulphur acids possess the same neutralizing 

Bt whet aolntaiicaB In it niually readerod unpnreJ How may it ba 
poriSedJ Howmayittedeteotedl How may .ulphonc acid .taua cm 
aothiiw be removedl Wbal other hydratei of thu body are Uieral 
Wh^ara the men of hypMQlphunmg and! Wtat oCber ■alphnr acida 
tii there T What is the nature of UiB views noic held in relation to &» 
meiit of anlphnr. and adds generally. 
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power, though the quantity of oxygen they contain ia so 
difieient. They regard them all as being formed by the 
union of one atom of hydrogen with a series of different 
compound radicals, as die fdlowing table shows ; 



Hnxxnlphnriii add . . ■ 
Aoid of Laiulou . . . ■ 
Add of FordM and Gtelis ■ 



BO, +8. 
SO, 4-»i- 
CL 
JVO,. 



Ninosnlplniric acid . . . - 
ladoaalphaiic acid ti-\ 

and, extending these views to the constitution of otbei 
acMs generally, an acid is defined to be " a compound of 
Hydrogen with a simple or compound radical, in which the 
hydrogen may be replaced by any c*her metaL" 



LECTURE XLIX. 

SuLPSUR AND Phosphorhs. — Sulphureted Hydrogen. — 

Mode of Preparing it. — Its Odor, Acid Relationt, and 

other Properties. — Extensively used as a Test. — Occurs 
in Nature. — Relations to the Animal System. — Biatd- 
phurtted Hydrogen. — Set e n iitm . — P HospHOHua .—Pre- 
pared from Bones. — Shiner in the Dark. — Aedon of 
Light. — Combustibility. — Compounds with Oxygen. 

BULPHUaETKD HTDEOGEN. HS = i.T\.i. 

Fig. Ml. This gas may be easily prepared by tha ac- 

R tion of hot hydrochloric acid on the native 

l^^ sulphuret of antimony pulverized, and may 

«j\ be •ollected over a aatnrated solution of salt 

jR \ or warm water. The action of the materials 

/L\ \ ^^^« 

Wmi V ShS, + S{HCl) ... = ... ShGh + 31HS) I 
^^» that is, one atom of the sesquisulphuret of 

antimony and three of hydrochloric acid yield one of the 
sesquichloride. of antimony and three of sulphureted hy- 
drogen. 

Sulphureted hydrogen is a colorless and transparent 
gas, having the odor of rotten eggs. It ia absorbed by 



DigniodD, Google 






eULPHUBBTBD HYIttOSCN. 331 

water readily, that liquid taking up two of three ' 
timee its Tolumo. Its specific gravity is 1'177. It 
is combustible, and may readily be burned from a 
jet placed in the flaek in wbicb it ie being evolved, 
the products of its combustion being aulpburous g 
acid and vrater ; but if the air in which it is burn- I 
ed be limited in quantity, water alone is produced I 
and sulphur deposited. Its solution in water decom- ' 
poses gradually by contact with the air, the hydrogen^un 
dergoing oxydation, and the sulphur being set free.* It 
has the properties of a weak acid, reddening litmm fee- 
bly, and yields with metallic bases water and sulphurets : 

MO + HS... = ...HO + MS. 
many of these sulphurats being insoluble and highly col 
ored ; astimoijy gives an or^ge precipitate ; arsenic and 
cadmium, yellow; lead, brovm; and manganese, flesh- 
colored. On this principle, the presence of sulphurated ■ 
hydrogen maybe always detected : the carbonate of lead, 
for esample, is blackened ; and hence, white paint ex- 
posed in places in which sulphureted hydrogen is being^ 
evolved turns dark, and metallic silver tarnishes, and 
finally becomes black. By a. pressure of about seventeen 
atmospheres the gas may be liquefied. 

The action of sulphureted hydrogen on metallic bod- 
ies may be illuatiated in a very interesting manner by 
writing on a sheet of paper with a solution of acetate c^ 
lead, the letters being invisible until exposed to a stream 
of this gas, when they turn black. Its action in producing 
precipitates may be shown by conducting a stream of it 
through a solutioD of tartar emetic, arsenious acid, or 
acetate of lead. 

Sulphureted hydro.^en is sometimes naturally dissolved 
in spring water, constituting the mineral waters of various 
places, as the Vireinia Springs. It is also said to he con- 
tained in the brackish water of the mouths of large rivers, 
due, perhaps, to the action of the organic matter they 
contain upon the sulphates existing in the sea. It has 
been thought by some authois that the existence of this 
gas in the air of those places ia connected with the fevers 

Whu «■ t 

precipituaa it 
taatntedl !■ 
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iridcli there prevail. Sulphureted hydrogen is excaed- 

ing-ly poisonous when respired. 

There is auother compound of sulphur and hjrflrogen, 
the constitution of which is not precisely known, though it 
is usually described as bisulphureted hydrogen, and its 
formula is therefore HS,. In ita propeitlea it ts said to 
have several analogies with the doutoxide of hydrogen. 

SELENIUM. Se == 39-6. 

This element was discovered by Berzelius in certain 

vaiieljes of pyrites. It is a rare substance, analogous, in 

many respects, to sulphur. It bums in the air, forming an 

oxide which exhales the odor of decaying horseradish. 

PHospnoaus, p=i5r. 

A remarkable substance, first discovered by Brandt, and 

now extensively procured &om burned bones, in which it 

occurs as a phosphate of lime. It is found, also, in other 

animal products, being an essential ingredient in iibriu 

and albumen, and also in the brain and n 

Fir. tu. T' 

bont 

der, and digested with di- 
lute sulphuric acid ; the li- 
quid is str^ned, mixed with 
powdered charcoal, and, 
when dry, introduced into 
a stone-ware retort, a. Fig. 
223, to the neck of which 
a bent copper tube, b, is at- 
tached, the mouth of which 
dips beneath water. The 
retort being now exposed 
in 3 furnace to a white heat, 
half the phosphoric acid in 
the mixture is deoxydized 
by the charcoal, carbonic oxide gas escaping, and phospho- 
rus distilling over. 

Phosphorus is commonly transparent and colorless. 
When exposed to the light it tuiiis of a deep red, and this 
takes place in a vacuum, or in gases which have no action 
on the phosphorus. In lustre and general appearance it 

Wkit otber compinmd of ulphur Hnd hjdrogin ii Ibeni Wlwt ii M- 
JeniomT From wbat Knirce ii phcMpbonu deriTSdl 
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has a waxy aspect. Exposed to the air it smokes, and in 
a dark place shines — a property from wbich its name is 
derived. During this slow oxydation it exhales an odor 
much reaembling that experienced when an electrical roa- 
cbine is in high activity. At 32° it is brittle, at 113° it 
melts, at 572° it boils, diatilhng over unchanged, if oxy- 
gen be absent. But in the air it takes fire and bums at 
about 120"^, with evolution of flakes of anhydrous phos- 
phoric acid. Its specific gravity is 1-77. 

From the intense affinity which phospt orus has for oxy- 
gen, it requires to be kept under the surface of water. 
It ra met with in commerce in the form of small ^cks, a 
form given to it by melting it in glass tubes under warm 
'■ water, and pushing the resulting cylinders out as soon aa 
they have set. If kept in an opaque bottle it is white, but 
it slowly turns more or less red on exposure I o the day- 
light. 

From the facility with which it takes fire, it is necessary 
to handle it very carefiiliy, and to avoid keeping it in con- 
tact with the warm hand too long. A few particles of 
dry phosphorus placed between two pieces of brown pa- 
per and rubbed with a hard body, take fire and bum in- 
riously as soon aa the papera are separated. It is upon 
this principle that it will readily inflame by the heU ot 
friction, that its useful application in the manufacture of 
friction matches depends. In chlorine, or the vapor of 
bromine and iodine, it takes fire spontaneously. 

There are several compounds of phosphorus and oxy- 
gen, as follows : 

p,o ..P,0.. P,0, . . P^O^ 
These are respectively 

Oxide of pboapbonu. I Phoiphoraai add. 

Hjpophaapboratu add. | Phmphoric acid. 

WIiatremai)[abkpcop«rtydoeithiabodyjwueiiT Wli; ii phncphoriM 
to b« kept under tiie (arface of water I Wlitt ii the BctuHi of li^ agaa 
itt What Diefol BoplicHtiaaiji made of it( ready comboKUjili^r Hinr 
man; compoD"^ of pboupbonu uid ozfgen are tners ^ 
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LECTURE L. 




Compounds op Phosphorus and Oxygen. — Oxide of 
PAotphonu, — Preparation of. — Hypop7uaphorov* and 
Phoiphorout Acids. — Phosphoric Acid. — Three State* 
of Hydration. — Properlia of these three Acid*. — Tfieir 
Salts. — Phosphureted Hydrogen.-^ Spontaneotuly Lt- 
flammable and Non-it^ammable Varietiei. — Chlorine. 
— Preparation of. — It» Relatiom to Combustion and 
Respiration. 

OXnjB OF PHOBPHOROB. J'jO=S5'II3. 
fV- *M. This oxide may be formed by causing 

^*^ a stream of oxygen gae, from the tube a, 
Fig. S24, to be directed upon phospho- 
rus under hot water in a glass, b. A 
brilliant combustion under the water is 
the result, with the production of phos- 
phoric acid and of a red powder, which 
IS the substance in question. 

HYPOPHOSPHOROUB ACID, PaO=39-413, 

is very little known ; it is formed when phosphorus is 
boiled in alkaline solutions. 

PHOSPHOROUS ACID, P,0, = 5S13B, 

is formed during the slow combustion of phosphorus in the 
air ; it may also be produced by acting on the sesquichlo- 
ride of phosphorus with water. The solution of this acid 
is sometimes used as a deoxydizing agent. 

PHOSPHORIC ACID. P, On = 7Hfl5, 

**■***- Anhydrous phosphoric acid is formed 

when phosphorus hums in dry air or ox- 
ygen gas {Fig. 225). It condenses in 
white flakes of a snowy appearance, and 
possesses an intense affinity' for water, in 
which, if placed, it hisses like a red-hot 
iron. It can scarcely be said to possess 
' acid properties. Until it has united with 
' , roperties are very feebly developed. 

How ii oxide of phoaphcmis nude T Wbat ii iti kppeanuice t How 
■re hypopboapboroiu snd ph«pharoiu addi prodnaed f Under what 'ii^ 
cnmitaiKei ia uihydnHU phoapboiio tad prodnoed t 
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With nuter, phosphoric acid unitea hi diree propor 
tioiis, prodocing 

Hcraobanc i^HMpharia acid . . PtO,+ HO, or H+P,Ob- 

Bibuii] " " . . P,Oi + %HO, or 2H+P1O1 

Tiibuio " " . . PtCh + 3HO.<iT3H+PtOt. 

These acids also have the names of raetaphosphoric, yyro 
phosphoric, and common phosphoric acids respectiTely. 
Either of them may exist in solution with water. 

Metajjhosphoric, or the monobasic phosphoric acid, maj 
be obtained by dissolving phoephorus in dilute nitrio 
acid, evaporating', and exposing the residue to a red heat. 
It may also be obtuned by dissolving the atihydro)is acid 
in water, evaporatins and igniting it. In both these cases 
a transparent body, nke ice or glass, is produced ; henca 
caDed glacial phosphoric acid. It contains one atom of 
water, which can not be removed from it by heal. 

Monobasic phosphoric add ia characterized by giving 
a white granular precipitate with nitrate of silver ; it also 
coagulates albumen, producing white curds. If kept in 
a solution of water, or boiled with it, it passes into the 
tribasic state. 

Pynmhosphoric, or bibasic phosphoric acid, may be 
obtamed by heating the common phosphoric acid to 
417'^ F. for some tune. In solutioa it neither precipir 
tates silver nor coagulates albumen, but its salts yield, 
with silver, a flaky white precipitate. Like the former, 
this turns into the tribasic acid by (wiling with water. 

Common, or the tribaaic phosphoric acid, may be ob- 
tained from bone earth by the action of oil of vitriol, 
which yields a precipitate of sulphate of lime ; or, more 
easily, by boiling a solution of the anhydrous phoapbotic 
acid. In solution it neither precipitates silver nor ooaga' 
lates albumen, but its salts yield a Canary-yellow precip- 
itate with the nitrate of silver. By exposure to a low 
heat it becomes bibasic, and to a red heat, monobasic. 

These hydrogen acids of phosphorus give rise to a 
very extensive and complex class of salts, according (o 
the extent to which dieir hydrogen ia replaced by metal- 
lic bodies. Thus, the monobasic phosphoric acid can 
yield only <me series of salts, in which all its hydrogen is 

How many componDda doei it yield vitb water 7 How ii Dutapboi. 
pbnric actd midel What i» gUcul pboapboric addl What in tfae 
nnstia ehuacterittic of manobaiic, bibasic, and tribuio phoipbonc 
■cidireapeotinilrt How mai^aerieiotialticaii eadij'ietdf 
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replaced by a metal ; but the bibasic can yield two differ- 
ent series, according as the metal teplacea one or both 
atoms of base ; and the tribasic can yield three different 
series, according as one or two or all three of its Jiydro- 
gen atoms are replaced. 

PHOSPHUEETED HYDItOQEN, P,H, = 3H, 

may be made by boiling phoephorua in a strong aolution 
of lime or potash in a retort,.a, Fig. 236, the neck of 

Fig.OA. 




which dips beneath the surface of water, a few drops of 
ether bemg previously put into the retort. As the bub- 
bles of gas break on the water, they take fire, burning 
with a bright yellow light, and there ascends through the 
air a ring of gray smoke, which dilates as it rises, and 
exhibits a curious rotatory movement of its parts. This 
gas, also, may be made by bringing the phosphuret of cal- 
cium in contact with water. 

Phosphureted hydrogen is a colorless gas, exhaling a 
peculiar odor, like garlic, and, when burning, produces 
phosphoric acid and water. It exists under two forma: 
1st. Spontaneously inflammable; 2d. Not spontaneously 
inflammable. It is said that the first may be changed into 
the second by small quantities of the vapor of ether, oil of 
turpentine, &c., and the second into the first by the addi- 
tion of a minute quantity of nitrous acid. 

CHLORINE. Cl=}5-n. 

. Chlorine is found abundantly in nature in union with so- 
' dium, fonning common salt, a substance which, for the 
most part, gives to the sea water its saUnity, and consti- 

Describe Hie prepdratkni of phosphnrMed hj'drogen. Wbat are the 
propeniei of pbiMpliureted hydragen t How may iti two Ibniui be coit- 
Tsrted into each oUier' In vrbu labituicea doei chknine chieHv occnrT 



DigniodD, Google 



PREPARATION OF CHLOBmE. 237 

tutea tfao deposits of rock salt. It is, therefore, an abund- 
ant substance. 

Chlorine is best made by the action of hydrochloric acid 
on peroxide of manganese : 

MnO,+ 2HCl...=...MnCl + 2HO+ CI; 
that is, one atom of peroxide of manganese and two of 
hydrochloric acid yield one atom of the chloride of man- 
ganese, two of water, and one of chlorine. Ha!f the chlo- 
rine is, therefore, given off ae chlorine gas, and the Other 
' half remains as chloride of manganese. 

Chlorine gas being very soluble in cold water, and act- 
ing with great energy on mercury, it c 
neither be collected at the water nor men 
rial trough ; but, having a specific gravity of 
2-470, we are able to collect it by the meth- 
od of displacement, as shovra in JFig. 227, | 
It may, however, also be collected O' 
water or a saturated solution of common salL 

When chtorine is required in a state of dryness, it may 
be obtuned by an apparatus like that represented in Fig, 
228. a is the retort containing the hydrochloric acid and 
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manganese. It is connected with a small receiver, i, 
which retains part of the water which the gas may bring 
over ; this, agam, is connected with a chloride of calcium 
tube, c, whi<^ effects the perfect drying of the gas. 

Chlorine is a gas of a pale, yellowish green color. It may 

e ftimiedl What m it* propertieil How il U pro- 
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be liquefied by a pressure of four stmospliereB. A taper 
immersed in il buruB for a few minuteB with a dull red 
B,emittiDg Tolumea of smoke, due to the fact that Uio 
hydrogen of the flame continues to bum or unite 
with the chlorine, forming hydrochloric acid ; but 
the carbon, having little affinity for chlorine, is 
set free in an uncombined state, as lampblack. 
Powdered antimony, or thin brass leaf, plunged 
i in this gas, becomes incandescent, and bums, pro- 
I ducing a chloride. A piece of phosphorus im- 
r mersed iu it takes fire at common temperatures, 
and bums with a pale flame. The smell of chlo- 
rine is disagreeable, and its efiect; even in ft diluted state; 
■ufibcatmg. It irritates the air passages of the lungs, 
producing hiccough and an unpleasant expectoration 



LECTURE LI. 

Chlorinb, continobd. — Bleaching Properties. — Combmt- 
turn of Hydrocarbfma.-^DUinfecting Qualittet. — Com- 
pound* with Oxygen. — Properties of Hypochlorous, 
Chlorout, and Chloric Adds. — Quadrochloride ef Nitro- 
gen. — Hydrochloric Acid. — Preparation in the Gaseous 
and Liquid States. 

The moat valuable property of chlorine is its power of 
discharging vegetable colors, on which is founded its ap- 
plication in the arts of bleaching and calico printing. Tma' 
K/.txt. property may be Dlustrated in many ways,* By 
pouring a solution of litmus or indigo through a 
funnel, a, Fig. 230, into a flask, S, containing chlo- 
rine gas, the decoloration takea place inatandy, or, 
i if the color is not completoly discharged, it will be 
found, in a short time, to disappear. The same' 
takes place when a solution of chlorine in water is 

The peculiarities of chlorine in supporttug combustion 
are remarkable, when compared with those of oxygen 



What an im reUtiinu in the combnidcm oC ■. taper, and how doea it 
m certain metals and phoaphonu t What ia iU effect oa the anil 
■jitemt OftheptDpertiean cUerine.whichu themostvalaable? B 
may it be inmtralea? 
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gae, A piece of paper, Fig. 231, dipped in oil j^^ ^ 
of turpentine, takes fire in a moment at com- ^^«, 
mon temperatures, when placed in a jar of chio- i^Hh 
rine, and, as we h&ve seen, phoaphorua and sev' ^HP 
eral of the metals undergo spontaneous ignition ■■■ 
in the same manner. These phenomena aepend JKf\ 
on the intense affinity which chlorine has for elec- flrJK 
tro-positiTe bodies, but it is very remarkable that \tj^m 
it seems to have little disposition to unite with >4a^ 
carbon. Aa in the burning of a taper, so in this exper- 
iment with turpentine, it is the hydrogen which bums, and 
the carbon ia eYolved in clouds of smoke. 

Chlorine ia also used by physicians for the purpose of 
destroying miasmata, and the effluvia of sick-rooms or oth- 
er places. It ia necessary, from its irrespirable qualities, 
to disengage it slowly and with caution where patients 
are present. The chlorides of soda and Hme are common- 
ly used. 

Free chlorine may be detected by its smell, its bleach- 
ing action on indigo solution, and giving a white, curdy 
precipitate with the nitrate of silver. Its solution in water 
IB readily made by introducing a small quantity of water 
into a bottle full of chlorine, agitating it, and opening the 
mouth of the bottle from lime to time under water; the 
gas being gradually absorbed, the bottle becomes full of 
water, which, of course, contains its own volume of chlo- 
rine. This solution decomposes in the sunshine, evolving 
oxygen gas, the water being decomposed. With oxygen 
chlorine unites in several proportions, producing, 

CIO . . CIO, . . ClO^ . . CIO,. 
They are designated 

Hvpochloniiu add. | Chloric scid 

CbloTOos acid | Porchlorio acid. 

HYPOCHLOaOUS ACID. CIO = 13183. 

HypocblorouB acid may be obtained by agitating the 
red oxide of mercury, suspended in water, with chlorine. 
If a strong solution of it he placed in an inverted tube, 
and pieces of dry nitrate of lime be added, the gas is dia- 

What is ihe oboso of flie oloaili of nooke depo«ited 
hydrogen bom ia chVirins gaa 1 For what puiroae i 

phyaiciau T How may cUorinB ba detected ? How i _ 

b« mads 1 Wliat cxHopoondi (£ ohloiiiia and Diygezi are InoWD 1 Han 
i» hypochtorOB) aciil nide. and what are its properties ' 
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engaged, and rises to the top of the tube. It is of a deep- 
er color than chlorine, bleaches powerfully, and, by a 
slight elevation of temperature, explodes, evolving two 
volumes of chlorine and one of oxygen gas. 

The bleaching compounds are compounds of chlorides 
and hypochlorides. They are easily decomposed by 
acids. Thus, when chloride of lime is to be used for dia- 
infecting purposes, it is merely required to expose it with 
water to the carbonic acid of the air, or to add a little of 
it, from time to time, to a vessel containing dilute sulphur- 

CHLOB-OUS ACID, CIO, = 81-522, 

may be made by cautiously acting on small quantities of 
chlorate of potash with sulphuric acid. It is a yellow 
gas, which explodes furiously from very slight causes, the 
warmth of the hand being often safGcient to give rise 
to a violent action. It contains two volumes of chlorine 
and four of oxygen, condensed into four volumes. It may 
be conveniently made by operating on a few grains of the 
Fig. 431. chlorate in a teat tube. If into a glass, a. Fig. 
— 238, containing water, a small quantity of chlo- 

rate of potash is placed, and upon it a few frag- 
- ments of phoBphorus, and sulphuric acid be 
: poured through a, funnel, h, so as to act on the 
chlorate, chlorous acid is set free ; it communi- 
Bs a golden yellow color to the water, and 
as each bubble passes by the phosphorus it seta it on fire, 
furnishing a beautiful instance of combustion under water. 

CHLOaiC ACID. CJO» = I5-53S, 

may be made by decomposing the chlorate of baryta by 
sulphuric acid, and evaporating the solution. It is a yel- 
low, viscid acid ; a piece of paper dipped in it is set on 
fire. It does not bleach. It forms salts, one of which, the 
chlorate of potasb, is of considerable importance, and is 
used for the preparation of oxygen. A few grains of the 
cblorate of potash, ground in a mortar with a pinch of 
flowers of sulphur, explodes incessantly during the tritu- 
ration. 

PBBCHXOBIC ACID. CiOv = »1-S61. 
The perchloi'ate of potash forms along with the chloride 
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of potassium yfhea one ^rd of its oxygen is expelled 
from chlorate of potash ; the two salts may he separated 
from each other by boiling in water, the perchlorate crys- 
tallizing on cooling. From this perchloric acid may be 
obtained by distillation with an equal weight of oil of vit- 
riol, mixod with half as much water. It may be obtained 
in the form of a white crystalline mass, very deliquescent, 
and its. solution is sometimes used as a test for potash, 
with which it gives a sparingly soluble salt. The solu- 
tion fumes in ftie air, has a specific gravity of 1'65, and 
does not possess bleaching propertiea. 

CHLOaiN£ ASD NITHOGEN. 

These substances unite, forming an oily liquid, when a 
warm solution of sal ammoniac is exposed to chlorine gas. 
The resulting body is regarded as a quadrichloride of 
nitrogen {NCI,). By its violent explosions, several emi- 
nent chemists have been Beriously injured. The mere 
contact of oily matter produces a detonation. 

CHLORINE AND HYDROGEN. 

HVDROCHLOBIC ACID. HCl = 3647. 

This acid, called also muriatic acid, is easily prepared 
by placing in a flask six parts of common salt and ten 
parts by weight of oil of vitriol, mixed with four of water, 
the mixture being suffered to cool before it is introduced. 
On heating the mixture, hydrochloric acid is evolved, 
which passes along a bent tube into a bottle containing 
six parts (by weight) of water. The end of the tube dips 
but a very short distance beneath the surface of this wa- 
ter, so that if the liquid should rise it may be received 
into a ball blown upon tiie tube, and the extremity of the" 
tube becoming uncovered, atmospheric air may pass into 
the interior of the flask. At the close of the process, the 
liquid in the bottle, which should be conetantly surrounded 
by ice water in a small tank, more than doubles its volume, 
and is a pure solution of hydrochloric acid. The action is 
NaCl + 2{H0, SO,). . . = . ..BCl + {NaO,HO,2SO,); 
diat is, one atom of chloride of sodium and two of sul- 
phuric acid yield one atom of hydrochloric acid and one 
of the bisulphate of soda. 

How ii perchbrio acid ptepved, aitd for what pnrpoae !■ it vied T 
WhU (re oe pnpeitieiafmedilarideafnitn^enl Hcrir i< tgnlnKhlano 
uidnudet 
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From the liquid thua produced, oe from the commerciBl 
muriatic acid, by heating in a flask, pure hydrochloric 
acid gas may be. obtained ; it may also be less advanta- 
geously procured by the direct action of strong oil of vit- 
riol on common salt, the reaction in this case being 
NaCl + HO, SOj ... = .. . HCl + NaO, SO,. 

Pure hydrochloric acid iS a transparent, colorless gas, 
poHsessing powerful acid qualities, very absorbable by wa- 
ter, vrhich Uquid takes up several hundred times its ovra 
volume of the gas ; it fiimeainmoist air, and has a pungent 
odor. If a dry Florence flask {Fig. 233) be j^.ms. 
filled vritb it by the, process of displacement, 
and the moudi of it opened under the surface 
of cold water, the water rushes up into the 
flask, absorbing the gas with great violence, i 
The specific gravity of hyditwhloric acid is * 
1*2S4. It contains equal volumes of its constituents, u 
ted without condensation. 



LECTURE LII. 
Cblorinb, comtinued. — Production of HydrtxAlorie Acid 
hy Light. — Actitm of Hydrochloric Add on Metallic 
Protoxide^. — Muriatic Acid Solution. — Detection ofMy- 
drochloric Acid. — Nitromariatie Acid. — Iodinb, — Sout' 
CM of. — Preparations and Propertie*. — Tegtsjbr Iodine. 
— lu Action on Starch. — Hydrtodic Add. — Oxygen 
Compounds <^ Iodine. 

Pure hydrochloric acid gas is also obtained when a 
Tsixture of chlorine and hydrogen, in equal proportions, 
ia exposed to the light. In the dark these gases appear 
to have no disposition to unite, but if they be placed in a 
flask covered over with a wire screen, and a beam of the 
sunlight reflected upon them &om a looking-glass, a vio- 
lent explotdon ensues and hydrochloric acid is formed. 

I have found that, in this remarkable experiment, the 
action ia chiefly due to the chlorise, which, from being in 

How may the gu be proctdred 1 What lire tiie propertiet oC hjdn}- 
oUono wia Ku ! H<nr may iti afflniCy lac iratei be prared I 'Wb*t n 
in cooili^tkal Whit ia the action aTionlt^ cm a mixMre of dikdDe 
aodbyatOBeiil To wbicJi of these bodiea ia tUi Miti<»idQBt 
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B passive, BBSuines an actiTe state by exposure to rays of 
an indigo color. It may be thrown into the same condi- 
tion in many other ways ; for example, by the contact of 
spongy platina. Moreover, wben chlorine by itself has 
been exposed to the sun, it gains the quality of uniting 
moi'e easily with hydrogen than chlorine which has been 
made and kept in the dark. 

When hydrochloric acid is brought in contact with 
metallic oxides, decomposition of both ensues, and metalUc 
chlorides are formed, thus : 

MO + HCt ... = ... MCI + HO. 
or, M^O^ + 3{Ha) ... = .. ^M,Ct, + 3HQ; 
that is, one atom of a metallic protoxide with one atom 
of hydrochloric acid yields one atom of a protochloride of 
the metal and one of water. But, in the case of a eesqui- 
oxide, one atom of it with three of hydrochloric acid 
yield one atom of the metallic sesquichloride and three of 
water. 

The constitution of hydrochloric acid, and its F*t- »* 
action on metallic oxides, may be strikingly illus- "^ 
trated by taking a flask, b {Fig. 234). filled with 
it, in a perfectly dry state, and allowing the perox- 
ide of mercury, in fine powder, to fall through it 
The bichloride of mercury, corrosive sublimate, 
instantly forms, and drops of water make their ap- 
pearance on the sides of the 6ask. 

It is under the form of a solution in water, as liquid 
muriatic acid, or spirit of salt, that hydrochloric acid is 
chiefly used. The mode of obtaining it has been described 
in the last Lecture. This liquid, when concentrated, has 
a specific gravity of 1-31, and contains 42 percent, of acid. 
It smokes in the air, and reddens blue litmus powerfiilly. 
The commercial acid ia usually of a yellow color ; it con- 
tains chloride of iron, derived from the iron vessels from 
which it is distilled. It also often contains sulphuric acid, 
chlorine, sulphurous acid, tin, or arsenic, and is, therefore, 
beat prepared by the process described, which yields it in 
perfect purity. 

Hydrochloric acid may be detected by yielding, when 

WbU u die tatioa at hydiodiloric eoid on mstellio oiidu I WhM txa 
iIm ptodnct* of the ■ctiou of brdnicblfnia acid on penxids of Taarooij T 
WliBt are the piopertiM of Uqaid morutia acid 1 Wbut us its im- 
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P ^-^ - in a free stat© with Brnmonia, dense white clouds 

^K jR with thia acid, and tbe other with ammonia., be 
fl» 1» brought near each other, a white cloud forma be- 
T T twoen them. A glaaa rod, a {Fig. 236), dipped 
GO ct inammooiamaybeuBedforthe aame m, ?,« 
purpoHe. With nitrate of silver hydrochloric 
acid yields a white chloride of ailver, which 
turns black in the light, being the same pre- 
cipitate given under the same circumstances ^^ 
by free chlorine. From this latter substance jT 
it maybe diatinguiahed bylitmus water, which ^^^ 
is bleached by chlorine, and reddened by hydrochloric acid. 
JVitroTavriatic add, or aqtui regia, is formed by adding 
to hydrochloric acid one half or a diird of its volume of 
nitric acid. The nitric acid, furnishing oxygen to the hy- 
drochloric acid, forms water, and chlorine, with nitrons 
acid, is set free in the solution. Aqua regia is used aa a 
solvent for platina and gold, a reault which may be illus- 
traidd by placing a sheet of gold leaf in the miiture. 

IODINE. 7^126-57. 

Iodine chiefly occurs in the products of the sea, being 
{ found in sea-weed, sponge, &c. ; also in certain brine 
1 springs, and in some ores of silyer and zinc. 
. It may be obtained by lixiviating the ashes of sea-weeds, 
and evaporaring the solution until no more crystals are de- 
I posited. The residual hquor ia then acted upon by sul- . 
' pburic acid, and subsequently heated vrith peroxide of 
manganese, in a leaden retort, a b c {i*^. 237, page S35), 
the iodine distills over into the receivers, d. 

It is a solid substance, of a deep blue or black appear- 
ance, with a semi-metallic lustre, communicatea to the 
skin a fugitive yellow stain, and exhales an odor like that 
of sea beaches. It crystallizes in rhomboidal plates, is 
brittle, and has a apecific gravity of 4-948. At 225^ it melts, 
and boils at 347^, exhaling, even at moderate tempera- 
tures, a splendid purple vapor, from which its name is do- 
rived. The apecific gravity of this vapor is g-Tfl? ; it ig, 
riierefore, one of the heaviest gaseoua bodies known. 

How ms.; bydrDchloriD add be detected T What ii rtie prepantioD 
and prDjiany of DitrnniiriUic acidT From what unirce ia iodioe prDcnred f 
Whatii'tfae method of iti^eparMiaiir Wliat u iti appearanae T What 
ii^H color of it) vapor! Fiom wtiat circamacaiKe ia &■ oune derivsdT 
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Iodine supports combustion much in the Fig.m. ' 

same manner aa chlorine. Ajar, a(Fig:ki~' 

containing a few grains of it, placed in a small * 
sand batb, h, and warmed by a spirit lamp, c, 
may be easily filled with its dense vapor, the 
atnoospheric air floating out before it. In this 
vapor if a lighted taper is plunged, it exhibits 

a retarded combustion ; but a piece of phos- 

phorus, introduced on a spoon, takes lire and bums, 
the same manner, if a quantity of iodine Fig. as9. 
be placed in a small capsule, and upon it 
a fragmeiit of dry phosphorus (Fig. 239), 
spontaneous ignition ensues, with the ev- 
olution of phosphoric acid, and the vapor 
of iodine, iodide of phot^horus remaining 
in the capsule. 

In water, iodine is but slightly soluble, .^ 
diat liquid taking up y^tV?*^ P^*^ <>f '^ 
weight and assuming a brown color. Alcohol dissolves 
it Ireely, forming tincture of iodine. In solutions of the 
iodides iodine may be dissolved. 

With many substances iodine gives characteristic reac- 

dona. The iodide of potassium, with the acetate of lead, 

fVliat are it* relatioai u reapecM combiutiDii 7 !■ it »lDb1e in witn 



DigniodD, Google 



386 HTDSioDic Aom. 

yields & golden yellow pretiipitate; witkthe bichloride of 
mercury, a fine scarlet-colored bioiodide. Tliis substance 
possesses the singular quality that, if dried and subliined 
in a tube, it yields crystals of a brilliant yellow aspect, 
which become red on being simply touched with a hard 
body. With a solution of starch free iodine yields a deep 
blue color, the solution becoming colorless u heated, but 
the blue color returning on cooling, provided the temper- 
ature has not been earned to the boiling point. If a po- 
tato be cut in two, and a little tincture of iodine poured 
oB the aurface, innumeiable blue specl!:s make their ap- 
pearance, each correBponding to the poeition of a granule 
of Btarcb. Starch and free it^ne wiU, therefore, mutually 
detect the presence of each other. 

HYDKIODIO ACID. HI=lvrST 

Hydriodic acid gas may be obtained by dissolTii^ in a 

solution of iodide of potassiuin as much iodine as it will 

hold, adding small pieces of phosphorus, and warming the 

mixture. A colorless transparent gas is evolved, irtiich 

fiunes in the ur, and may be collected over mercury. Ita 

specific gravity is 4*384. It has the general relations of 

hydrochloric acid, and, like it, ia very soluble in water. 

f^. MO. A solution of hydriodic acid in water may 

^~% be made by passing a stream of sulphureted 

1 X^ hydrogen from a flask, a {Pig. S40), through 

M Hj water, h, in whfcfa that substance is sospend- 

a^\ ■ ed. The acid forms and snlphur is deposited : 

With nitrate of Ealverthis acid yields a pale yellow pre- 
cipitate, the iodide of silver. This is ibe substance which 
forms tbe basis of the remarkable compound used in the 
Daguerreotype. In that case it is formed by holding a 
plate of pure, polished silver in the vupor of iodine ; the 
p]ate tamiahes and turns yellow, and, if set in the sun- 
shine, turns promptly of a deep olive blade. 

Iodine yields two oxygen acids, iodic {10^) and peri- 
odic acid (10,). With nitrogen, bJbo, it gR-es NI„ char- 
acterized, like the analogous compound of chlorine, by the 
facility vrith which it explodes. 

How may it Ira detectedt In what maimer ii IqrdiiDdic acid m>d«t 
What is the nimpleat method of obtainiiig a ■olatioa of it 1 What ia ths 
precipitate il yimda wiHi nitrate at aHver T What ue the DxygeD com- 
ptnsda of iodine 1 
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LECTURE LIII. 
Bkomins— Fluobine. — Bromine. — Sotcreet of. — Proper' 
tie».—Comp»*nda of. — Fluorine. — Hydrojlwfric Aad. 
— It» Propertia and Action on Glaw. — Carbon. — AUo- 
tropic Fornu of. — Fr^aration of some of thoie Form*. 
— Diamond. — 'Oxygen Compovndt of Carbon. — Carbon- 
ic Oxide. 

BBOMINB. Br=i7a-M. 

Bromine occotb is sea water, and also to a more connd- ^ * 
ersble estent in certain brine springB both in America and) 
Europe. From these it may be obtained by erapdratingj 
the water until the salt solution ia concentrated, and after) 
the chloride of eodium has crystallized from the liquor/ 
passing through it a current of chlorine gas, the solutioij 
turning yellow as thb bromine is set free. It is next agitu 
ted with sulphuric ether, which carries to the surface aQ 
die bromine. This is then acted oh by potash, which gives, 
a mixture of bromate of potash and bromide of potassium.! 
On ignition, oxygen is expelled, and the whole convertedl 
into die latter salt, from which the bromine may be dbtilled' 
by the aid of peroxide of manganese and sulphuric acid. 

It is a liquid of a deep blood-red appearance, solidify- f 
ing at — 4° F., and boiling at 113° F. Its specific gravity j 
is ^'Pg^ It exhales an orange vapor, and is commonly I 
Icept beneath the surface of water. Its smell is very dis ' 
agreeable, a circumstance from which its name is derived 
; Like chlorine, it bleaches, and in all its relations possesses 
/ a general resemblance to that substance. A lighted taper f 
( bums for a short time in its vapor with a greenish flame ( 
Xphosphorus bums spontaneously in it. 
^^romine yields a hydrogen acid (HBr), hydrobromio 
acid, and wim oxygen, bromic acid {BrOn). In their gen- 
eral properties these bodies resemble the corresponding 
compounds oC chlorine. The bromide of silver is m^ch 
more sensitive to light than either the chloride or iodide. 
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calcium, or fluor spar. It occurs also in the topaz and 
other.minemls. In the enamel of teeth and id bones it has 
been detected, especially in fossil bones, which sometimes 
contain aa mui^ as ten per cent, of fluoride of calcium. 

The epecia] pTxipeitiea of fluorine are as yat unknown, 
for it has not been isolated. Various atteuipts have been 
made at different times, but without satisfactory results. 
, It posseasea an intense affinity for electro-positive bodies, 
and gives rise to a Bcries of compounds resembling those 
of chlorine, iodine, &c. It does not unite vrith oxygen. 

HYDROFLUORIC ACID. HF=1»74. 

ThtB energetic acid may be obtained by decomposing 
fluoride of calcium by sulphuric acid in a vessel of pladna 
or lead, the vapors being conducted into a metallic re- 
ceiver kept at a low tdmperature. The action is 
CaF + HO, SO. ... = .. . CaO, SO, + HF. 

It is a smoking liquid, which acts powerfully on the 
skin, boils at a temperature of a little above 60^ F., and 
possesses the remarkable quality of corroding glass. 

Ii^ a piece of glass be coated over vrlth a thin film of 
bees' wax, and letters or other marks made through the 
wax to the gloss with ^ poifited implement, on setting it 
over a vessel of lead or tin in which, from a mixture of 
fluor spar and sulphuric acid, hydrofluoric acid is escaping 
in vapor, the glass is deeply etched on all those parts 
which have been uncovered, as is seen when the wax is 
removed. Liquid hydrofluoric acid may be employed 
for the same puq^ose, but the letters are not so visible as 
When the vapor is used. 

CAEBON. C = 6-0<. 

This, which is one of the most interesting and import- 
ant of the elementary bodies, occurs under many differ- 
ent natural forma. It is an essential ingredient in the 
structure of all animal and vegetable beings ; it is found 
in various states in the air, the sea, and the crfiat of the 
eanh. 

The striking peculiarity of carbon, which at once arrests 
our attention, ia the different allotropic conditions under 
which it ia presented. This substance may bo said to yield 

Aretbe npedal properties of floorine knowa 1 How is bydrofliiorio »oid 
iiiad6*-/WliElreran.rkBblBqaa]i[j doBiit posacai 7 From what soorcei 
majF carBoa be pvjcnred ? Wh«t ia ita moat atriking property ? 
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ia keelf a whole group of elementoiy bodies. Among 

these might be enumerated, (1.) Diamond, which crys- 
tallizes in octahedrons, is transparent, incombuatible, ex- 
cept in oxygen gas, and the hardest body known ; hence 
its use in cutting glass. (2.) Gas-carbon, which, unlike 
diamond, is a good conductor of electricity, and is opaque. 
(3.) The various forms of charcoal, anthracite coal, and 
coke. (4.) Plumbago', which has a metallic lustre, is 
opaque, and so soft and unctuous that it is used to relieve 
the friction of mtachinery, (5.) Lampblack, a powerful 
absorbent of light and heat, and possessing such strong 
affinity for oxygen that it can take fire spontaneously in 
the air. 

Other forms of carbon might be cited ; these, however, 
are enough to establish the fact that this single body fur- 
nishes varieties which differ more strikingly from each 
other than many different metallic bodies. 

Charcoal is made by the ignition of wood in close ves 
sels, the volatile materials being dissipated and the /Vi.ml 
carbon left. The nature of the process may be il- j Yl 
lustrated by taking a slip of wood, b. Fig. 241, and 
placing its Burning extremity in a test tube, a. This i 
retards the access of the surrounding air, and, as tl 
cnmbustion proceeds, a cylinder of charcoal is lefl 
Fig.Mi. ■ Lampblack is formed c 

a similar principle. In the i 
iron pot, a. Fig. 24S, some 
pitch or tar is made to boil, '_ 
a small quantity of air being ad- 
mitted through apertures in the 
brickwork. Imperfect combustion 
takes place, the hydrogen alone 
burning, the carbon being carried 
8a a dense cloud of smoke into 
the chamber J c by the draft. 
In this there is a hood, or cone, of 
- coarse cloth, d, which may be 
raised or lowered by a pulley. The sides of the chamber 
are covered with leather, and on these the lampblack 
collects. 

Diamond is the purest form of carbon. Its specific 
Mention Bome of iu aHotropic [bimi. How bib chaiuiwl and laDipbbch 
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gravity is 3*5 : it exhibits a high refractive and dispersive 
actioD upon light. Giiarcoal possesses, in conaequence of 
its poroiiB structure, the quality of absorbing many times 
its own volume of different gases. Ivory black, which is 
made by the ignition of bones in close vessels, has the val- 
uable quality of removing organic coloring matters from 
iheir solutions : a property which may bo shomrn by filter- 
ing a solution of indigo through it. In all its forms, car- 
bon seems to be infusible, but when bunted in air or an 
excess of oxygen, they all give rise to carbonic acid gas. 
It combines directly with several of the metals, yie1(£ng 
carhurets. With oxygen it pves two compounds, 

CO... CO,. 
designated respectively as carbonic oxide and carbonic 
acid. 

CABflONIC OXIDE, CO = H-0S3, 

IS produced when carbon is burned in a Umited supply 
of oxygen, or when carbonic acid is passed over red-not 
iron, or over red-hot carbon. In these cases the actions 

CO,+C ... = ...2(C0). 
CO^+Fe ...= ... CO+FeO. 
In the first the carbonic acid unites with one atom of 
carbon, and yields two of carbonic oxide ; in the second, 
it loses one atom of oxygen to the iron and yields one of 
carbonic oxide. It may also be prepared by heating ox- 
Fig, S43. ^ic Qcid with oil of vitriol in a flask, 
■ a, Fi^. 243, the decomposition giving 
equal volumes of carbonic acid ana 
carbonic oxide, as is explained under 
oxalic acid. The acid may be sepa- 
rated by passing the mixture through 
" a bottle, b, containing potash water, 
d the oxide collected over water. But the best process 
,for procuring it is to heat one part of pmsslate of potash 
with ten of oil of vitriol in a retort ; the carbonic oxide 
comes over in a state of purity. 

As obtained by any of these processes, it is a colorless 

■What srelho prapartiei of diamond I Wliat are tho«e of ivory bloiil 
Wfaiit are tbe oxygen componnds of cubonl WbM i* the octioB c£ cir- 
bon and cf meOlUo iron on carbonic udd at a red heat ? How is carbiBiio 
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gas, which may be kept orer water, 

which it is only sparingly soluble. 

is wiifaont odor, and is iire^irable. 

jet of it bums in the air with a beauti- 

l\il blue flame, combtning' with oxygen 

and yielding carbonic acid. Its specific 

^vity is 0-9732: it has never been | 

liquefied. It ia the combustion of this | 

gas which produces the blue Same oft- ^ 

en seen in a coal fire. Carbonic oxide 

ia a compound radical, ^ring origin to a series of bodies. 
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LECTURE LIV. 
Carbonic Acid.— Methodt of jpreparation hy Deoonpori- 
tion and Combwlwa. — General PrapertUt, and RdatioH 
to Comhuition and Respir€UiQn. — lU SoltOion i» Water. 
— Bxitts in ike Breath. — lU Liquid and Solid Form*. 
— Ligit Carbureted Hydrogen. — Manh Gat^—Nal^ 
ral and Ar^ftdal Production. — Olejiant Gas. — Actimt 
vHih Chlorine, 

CAABONIC ACID. CO* = B3-0«C. 

Oabbokic acid<4s commonly prepared by the action of 
dilute hydi^chloric acid on chalk, or any carbonate of 
lime, the actioa being 

CaO, CO,+HCl ... = ... CaCl,H0-t-CO, 
that is, one atom of carbonate of lime and Kg. 
one of hydrochloric acid yield one atom of 
chloride of caldum and one of water, and one 
atom of carbonic acid gas ia set free. The 
process may be conducted in a fiask, as in the 
figure, the gas being evolved so rapidly that 
it may be collected over water, though &eZ 
liquid absorba it very freely. 

Caibonic acid is abundantly formed in many procma- 
«!. It is the result of the complete combustion of carbon- 
aceous bodies, is evolved durmg the respiration of ani- 

"WhU ne die prep«itiBi of Oui gtt How ii CMfbsrio tcid gM nude 1 
UsderwhBtcliiDaiiiBtuiBflilisarinBioacidfbraieddariiigaaKtnutiaal la 
whM otber ^ommm daet it ^ipeart 
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mato, and in alcoholic fermentation. It is thejfoe^ air o* 
the older cbemietB. 

It is a colorleae and transparent gas at common tem- 
peratureB, widi a faint smell and slightly acid taste. It la 
Srcflpirable, and acts in a diluted state as a narcotic pois- 
on : even air, containing one tenth of its volume of this 
gas, produces a marked effect. Its specific 
gravity is 1'527, and it may, therefore, be 
8oUected by displacement [Fig. 246). For 
I the same reason, it collects in the bottom of 
I vfells and pita, and often suffocattis work- 
,^ ,^,"nien who descend into such places. It does 
not Bimport combustion ; a lighted taper lowered into a 
„ «, lar partly filled vrith it is extinguished the mo- 
J>f mont it reaches the gas (F^.247). It may be 
V poured from one vessel to another, and if a jar of 
Ti U is poured upon the flame of a candle, the light 
jB V ig at once extinguished. Its density and other 
jPMn quabties may be well illustrated when it is 
HlrlJ fornied by the action of fuming nitric acid on 
V y carbonate of ammonia, a smoky cloud marking 
^"^ its position and movements. 
Carbonic acid reddens litmus water, but the blue «ol- 
FigUB. or is restored on boiling, tbe acid rig.su. 
being driven off by the teat. It is 
soluble in water, which, under in- 
creased pressure, takes up several 
times it£ volume of it, constituting 
the soda water of the shops. Its 
Bolubibty may be established by 

> agitating it with water iu Hope's 

eudiometer. Fig. 248, or by passing it 
through Nooth's soda-water machine, Fig. 
249. 

A common test for the presence of o 
bonic acid in wells is to lower a lighted i 
candle, and if its flame be extinguished, 
it is inferred diat the gaa is present ; but it does not fol- 
low that a man may safely descend into such places th'mgh 
a candle will continue to bum. 

WhU ■» iCi TROpertieil Wlut are iU relalimi to combnitiaiT 
Wlut ii it! apedft: gamtfJ What ii lodK wUer T Bow may carboiuc 
acid b« detect T 
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If, through, & tube, the breath be made to pass into 
lime-water, a deposit of carbouate of lime renders the 
water Inilky ; or, if the breath be conducted through lit- 
mus water, the color changes to red ; the air thus expired 
from the luBgs coutaios time or four per ceut. of carbonic 
acid. 

Under a pressure of thirty-«iz atmospheres, carbonic acid 
condenses into a liquid characterized by the extraordinary 
quality that it is four times more expansible by heat than 
even atmospheric air. This liquid, when allowed to es- 
cape dtrongh a jet, evaporates so rapidly, and produces so 
wuch cold, that a portion of it instantly solidifies. Solid ■ 
carbonic acid is a substance not unlike snow ; mixed with 
alcohol or etiier, it produces a. degree of cold equal to / 
— 180O Fahr. ■ 

Although carbonic acid has the name of an acid, it pos- ' 
sesses the properties indicated by thai term in a fbeble 
degree. The gas contains its own volume of oxygen. 
The common tost for its presence is lime-water, which is 
rendered turbid by it. 

C ABB ON AND HYDaOGEN. 

These substances unite, producing many compounds, f 
some of which are solid, some liquid, and others gaseous, j 
They are of course all combustible bodies, and the de< f 
■cription of neariy all of them belongs to organic chem-l 
istry. ' 

LIQHT CAKBDBETED HYDBOQEK,|Mh= 8-04, Q p( j. 
occurs abundantly in coal mines, and forms with their J^ 
atmospheric air explosive mixtures ; it is also found dur- 
ing the putrefaction of vegetable matter under water K 
on stirring the mud of ponds, bubbles of this gas escape;! 
hence the name marsh gas. It may be obtEuned artificially i 
by healing acetate of potash with hydrate of baryta. I 

(KO) + (CM,Ot) + (BaO, HO) ... = ... <K0, CO,) -f 



that is, one atom of acetate of potash with one of hy- 
drate of baijta yield one of carbonate of potash, one of 
carbonate of baryta, and two of light carbureted hydro- 



V can Hi esifltew bi die bremth bflTRured T Wbkt m A 
riiqnid and •didoarlmiio acid? Whmt ii die teat fi>f it 1 I 
swbmlad hydiDgeo ba nude? Where i< it bood aUonl 
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a acetic scid betas; decoii^Bad, by the aid of 
carbonic acid and marsh gas. It is a eolor- 
leae gaa, bnmB with a yellow flame, producing water and 
carbonic acid. Its specific gravity is 0*555, forma explo- 
give mixtures with ur, and is the fire damp of coal mines. 
Th« choke damp, wliich exists in mines after an esplo- 
si(M), is carbonic acid gaa, originating finm the combustion. 
This gas is decomposed by chlorine in the light, but not 
in darkneas. . <, 

OLBFIANT GAS. J^.WJ H IIP C% "j 

.' Olsfiont gas maybe made by heating one pait of alco- 

Kf. IN. bol with four of sulphuric acid in 

JBK^ a flask, a, Fig. 250. The v^or of 

f' \ ^^^ ether which comes over with it may 

K Xty^\ be removed by causing the gaa to 

/ k* fr^L \ P'^ through a small bottle, h, con- 

^J ^J6 \^ tainiiig sulphuric acid, before being 

^^ ^^ collected at the trough. It may also 

be obtained by an apparatus such as Fig. S51, in which 




h is the flask containing alcohol and sulphuric acid, and a 
an interposed globe to receive the ether, oil of wine, and 
water, which distill over. 

(Olefiant gas is transparent and colorless ; bums with a 
beautiful flame (Fig- 252, page 245) ; forms an explosive 
' h oxygen, giving rise by its combustion to car- 
How li olsfiut 
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bonic acid and water. If mixed with 
an equal volume of chlorine, the gases 
condense into axToiiy liquid, from which 
otefiant gas has received its name. With 
twice its volume of chlorine, if it be set 
on fire, hydrochloric acid is formed, and 
carbon is deposited as a dense black 
■moke. 

defiant gas also exists as one of thet ' 
chief ingredients in the gas employedf 
for itluminadng cides. ( 
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LECTURE LV. 
CrAirooKN. — Modes of Preparalum. — I/t^u^aetiim. — An 
EUctro-n^ative Compound Radical. — Bimlpkuret of 
Carbon. — Bokon. — Boracic Acid. — Tetfiuonde rf Bo- 
rtnt. — SiLicoif. — Silicic Acid. — Flvofide of Silicon. — 
Compounds of Hydrogen and Nitrogen. — Amidogen.^ 
Ammonia. — Ammonium. — T%eory (^ Serzdim. 

CYANOGEN, Cy.,OaBICAEBUaKT OF NTraOGEN. C,^=EB-«3. 

Carbon unites with nitrogen, forming a bicarburet, 
when these substances are in the nascent state and in pres- 
ence of a base. It may be obtained very easily by expo- 
ling the cyanide of mercury to heat, or by heating a mix- 
ture of six parte of ferrocyanide of potassium and nine of 
corrosive-sublimate , 

It is a colorless gas, having a peculiar odor. It bunu 
with a beautiful purple fiame, dissolves readily in water, 
and still more so in alcohol, condenses into a liquid by a 
pressure of 3'6 atmospheres at 46° Fahrenheit, as may 
be shown by heating widi a lamp cyanide of mercury in a 
bent tube, as seen in Fig. 253; the tube rig.m. 
being closed at both ends, liquid cyanogen ~ 

accumulates at the cool extremity. Though 
a compound body, it has all the properties 
and characters of a powerful electro-ne^a- 
tivo element A &rther description of it 
and its corapoundB will be given under organic chemistry, 

Wlut if tba BCticiD of cfakcine m Itf Fnanirtut bu it derind Us 

Muel HowucvuogenDUdel HmrmSTitbaoondeoHdlutoaliqiiidT 

X2 
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346 SULPHUS AND 

BieULPHUBBT OP CAHBON, CS,=3MS, 

may be made by passing ihe vapor of sulphur over char- 
coaJ ignited in a tube, and receiving the product in a cold 
bonle ; the apparatus is represented in Fig. 25i. Into 



( EKH 



the top of a large iron bottle two tubes, b c, one strught 
and the other bent, are inserted ; the bottle having been 
filled with charcoal, pieces of brimstone are dropped in 
through the tube h, as soon aa the bottle is red hot. The 
Bulphur and carboli unite. The product passes along the 
tubes c f, cooled by a stream of^water from the cock, d, 
the water being conducted by a string, h, into a basin, X, 
The vapor paases into the bottle, n, which is partially filled 
with ice, and the incondensable gases pass out through m. 
It is a transparent liquid of a very disagreeable odor, has 
the quality of dissolving sulphur and phoHphorus, boils at 
108° Fahrenheit, and is therefore very volatile. 

BORON, iJ = 10'9. 

was dbcovered by Davy as the basis of boracic acid, from 
which it may be set free by potassium at a red heat It 
is an olive-colored solid, which bums when ignited in ox- 
ygen gas or atmospheric air, and produces boracic acid. 

BORACIC ACm fiO, = 34'93e. 

Boracic acid exists in the waterojf Jhe volcanic springs 
of Tuscany. It is also brought froAi ^dia combined with 
soda, and may be artificially pPOcurftd by dissolving one 

low in biinlphnret of cariuQ fisioed 1 Fiom wlut ia bona deiivad ? 
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put of borax in four of hot water, and adding half a pan 
of sulphuric acid. On cooling, the boracic acid ia depos- 
ited in small crystollitie scales, which may be purified by 
reciystallizB tion . 

/ Boracic acid melts at a red heat Kg.Ki. 

)into a tranaparent ?las3. Its crystals ^ 

I raised to 213° FahreDheit, lose half 

Viheir water. It volatilizes readily 
when boiled in water, is soluble in 
alcohol, the solution buming' with a C^f^c 

green flame. The experiment may %S 
be made in a glass instrument like Fig. 255, a h e. It ia 
a very feeble acid, and even turns yellow turmeric brown, 
like an alkali. 

TBEPLUORIDE OF BORON, BF, = SSM, 

is formed when a mixture of fluor spar, boracic acid, and 
oil of vitriol ia heated in a flask. It is decomposed by 
water, by which it is rapidly absorbed. In damp air it 
forms white fiimes. 

SILICON. iS> = «'lS. 

This element may be prepared by igniting the silico- 
ftuoride ofpdtassium with potas»um, K^.tse, 

acting upon the resulting substance 
with water, which remoyes the fluor- 
ide of potassium, and leaves the sili- 
con as a nut-brown powder. 

It exhibits two allotropic states. 
Prepared as first described, it takes i 
fire and burns when faeated in atmos- . 
phericair; but if previously ignited 
ID close vessels, it shrinks in volume, 
and, passing into its other state, becomes incombustible in 
oxygen gas. 

SILICIC ACID. 8iO, = «-2i9. 

Silicic acid is one of the most abundant bodies ii 
ture, existing under the innumerable forms of the q 
minerals, sands, and sandstones. Kock crystal and flint I 
are pure silicic acid. I 

It maybe obtained in a more convenient form by fusing/ 

toBsmel Bow mu-riliixn bs pi 
n after ignitiaD ^ WhM ii tba m 
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white eaxd with four parts of carbonate of potash, diseolv- 
ing the resulting silicate iu water, and decomposiag the 
solution with hydrochloric acid. The silicic acid aepa- 
ratee as a gelatinous hydrate, sUghtly soluble in water, 
which, when washed and dried, yields a white powder 
absolutely insoluble in water. There is reason to be- 
lieve that the silicon exists in its different allotropic states 
in these two forms of silicic acid. 

Silica is a gritty substance, sufEciently hard to scratch 
glass. Its specific gravity ia 2'66. It combines with the 
alkalies in excess to form glass. It requires a high tem- 
perature (or fusion. Hydrofiuorlc acid is the only acid 
which dissolves it. 

FLUORIDE OP BILICON, SiF, = 78-38, 

may be obtained, as just stated, by dissolving silica in hy- 

Fig tsT drofluoric acid, or by heating 

a mixture of fluor spar and 

sand with salphuric acid. It 

is colorless ; fumes in the 

air ; ita specific gravity is 

3'66, Transmitted from the 

flask which generates it, a. 

Fig. 257, through water, it 

is decomposed, hydra ted sil- 

I ica being deposited. To pre- 

I vent the tube which delivers 

the gas being stopped up b; 

the silica, some quicksilver, 

e, may be put in the vessel, 

I d, and the tube dipped into 

it, so that the bubbles of gas 

may not come in contact with the water until they have 

reached the surface of the metal ; the sulphuric acid may 

be introduced through the funnel, I. In the water, hydro- 

fluorilicic acid forms, which is sometimes used as a test 

for potash. 

Nitrogen and Hydrogen yield three compounds : 
NH, . .'. NH, . . . ah; ; 
they are designated respectively by the names 

Whuire its pn>per«lei 1 Wkeu the finoride of ■ilitnn ii puied thnmrii 
water, vhM ua tbe piodaGIa ) How oiuiy tompgniid* of nitroeeD and 
^dngea ire Bdiiiitted 1 
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AHmOQBN. NH, = 1S'1>. 

Amidogen is a hjrpothedcal compound radical, the ex- 
istence of whicL, in oeTeral compounde, is inferred. On 
beating potassium in ammoniacal gas, one tliird of the hy- 
drogen iH set free, and an olive substance remains, the 
amHide of potassium. This, in contact with water, yielda 
potash and ammonia. 

E,NH, + HO... = ,..KO + NH^ 
Amidogen is ut electro-negative compound radical lik« 
cyanogen. 

AHHONU. NHt = \T1.9. 

This substance, called also volatile alkali, &om its 
properties, is an abundant product of the putrefaction (^ 
animal mattere, and may b« obtained by the destructiva 
distillation of horn ; hence the term, spirit of hartahom : 
it also exists in the air, and is a common product of many 
chemical ivactWs. 

It may be obtained by heating in a flask, Fif. us. 
a. Fig. S58, equal quantities of slacked ~ 

lime and muiiate of ammonia, and, as its 
specific gravity is only 0-590, it may be col- 
lected, as in the cut, in a flask or jar, b, 
with the mouth downward, by displacing 
the heavier air. The action is, 

(NH, + ffCl) + {CaO, HO) . . 
Caa + 2H0+ NH^ 

It is a transparent and colorless gas, of excessive pun- 
gency, and having all the qualities of a strong alkali. It 
turns turmeric paper brown, is absorbed with wonderful 
rapidity by water, which, at 32° F., takes up 780 times 
its volume of the gas, a result which may be illustisted 
by inverting a flask full of it in some cold water, when the 
water rushes up with sufficient violence to destroy tbe 
flask very frequently. Ammonia neutralizes the strongest 
Binds, as may be shown by dropping it into litmus water 
which has been reddened by sulphuric or nitric acid. 

whit ii imMogenT From wbst labi 
cured? WhMMiUipedficjTBvitTl WLwi i;.—. m umuo. 
ntaablel How msyiti asojt; lor mMr bo ilhuti«t«df 
■et on reddened Utmoi wuert 
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rtg.su. It ie composed of three volumea of.hydro- 

■"" — n with one of nitrogen, condensed into two 

liimes. It may "be recognized by its re- 
markable odor, and by the formation of white 
Y clouds when a rod, a, Fig. 259, dipped in 

muriatic acid, is approached to it. It con- 
denses into a liquid at 60° under a pressure 
of 6'd atmospheres. * 

Its solution in water, known as aqua ammoni», is pre- 
pared by passing the gaa evolved &om slacked lime and 
iac through Wolfe's bottles, as ia repi'esented 
; the water will take it up until its specific 



gravity ia lowered to 0'878 ; it then contains 32^ per 
cent, of gas. This solution, somewhat diluted, is much 
used by chemists for neutralizing and precipitating. It 
also affords the best means of obtaining ammonia, mere- 
ly requiring to be vrarmed in a flask, when the gas read- 
ily comes off, 

AMMONIUM, Am = NH, = I8I9, 
is a hypothetical body, and believed to be of a metallic 
nature ; its symbol is, therefore, Am. It may be combined 
with mercury by decomposing a solution ca an ammooi- 
acal salt by a Voltaic current, the negative pole being in 
— — -;t with a globule of that meiaJ, or by putting an 

a conatitatiOD 1 How ma;^ it be detected T fi; wbat pm- 
umnrauB nude 1 What ia tbe Datura of ■umwiuiim T In 
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amalg&m of potassium and mercury in water of ammonia. 
Under these circumBtancea.tbe mercury swells, and event- 
ually becomeB of a soft consistency like butter, preserving 
its metallic aspect completely. All attempts to separate 
the ammonium &om this amalgam have foiled. It decom- 
poses into NH, and JT. 

It is now generally agreed by chemists that ammonium 
is the basis of the salts of ammoaia. Thus, sal ammoniac, 
called also the muriate of ammonia, is NH, + HCl; but 
this is evidently the same as NH^ + CI, that is, the chlo- 
ride' of ammonium. In all cases where ammonia forma 
neutral saUs with the so-called osygen acids, it requires an 
^om of water, but this water evidently gives it the con- 
stitution, not of NB, + HO, but NH + O; the water, 
therefore, makes it oxide of ammonium, which will unite 
with sulphuric, or nitric, or any other acid, precisely after 
the manner of any other metallic oxide. Moreover, the 
compounds of ammonia with this atom of water are iso- 
morphous with the compounds of the oxide of potassium. 
From these &cts, therefore, we see that when sulphuric 
acid unites with ammonia, the atom of water which the 
3cid contains gives to the salt the constitution 

NH, O -f- SO,, or NH + SO„ or Am + S0„ 
the latter formula being analogous to Am + CI, the chlo- 
ride of ammonium or sal ammoniac. This view of the na- 
ture of the ammonia compounds is known under the name 
of the ammonium theory of Eerzelius. 

Of the compounds of ammonium with other bodies, the 
protoHulphuret, NH, S, may be mentioned under the 
name of hydrosulphuret of ammonia. It is much used as 
a test. There are also other sulphurets. 
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LECTURE LVI. 
GenebjII. PaopEBTiBB OP the Metals. — Definition of a 
Metal. — Color, Specific Gravity, Hardnett, Tenacity, 
and other Properties. — Relatvms to Heat.-^C<rmpou.ndM 
with other Bodiff. — Division into Groups. — The Oscida 
and their Redaction, — The SiUphurets and their Reduc- 

O the elementary bodies, by far die largar portion are 
metallic. By & metal we mean a body whict posseBseB 
that peculiar manner of reflecting ligbt which is known 
under the designation of metallic luBtre. It is ako a good 
conductor of electricity and heat. Of these there are at 
least forty'two, and probably forty-five, three having been 
recently discoyqred. 

Mo^t of the metala are of a white color, but they difier 
from each other by slight sbadee, some having a ^nt blue 
and others a pinkish tint. There are three which are strik- 
ingly colored ; gold, which is yellow, and copper and ti- 
tanium, which are red. In specific gravity they differ ex- 
ceedingly ; {lotaasium ia so light as to float upon water, 
and iridium is twenty-onetimes as heavy as that liquid. 

Many of the metala are malleable, that ia, can be ex- 
tended into thin sheets under the blows of a hammer; 
others are so brittle that they may be reduced to powder 
in a mortar ; some of them are ductile, aiid may be 
drawn into fine wires, the order for malleability not being 
the same as that for ductUity. Thus, iron may be drawn 
into fine wire, but can not be beaten out into such thin 
sheets as many other metals. Of all metals gold is the 
most malleable, and platinahas been drawn into the finest 



What ii die dflfimtion of H metal? How mnsj D&ettli are lliftref 
Wh&t ii their color comcvmly 7 W^^ich throe are the colored 'inetdii t 
Of the metslj, vhioh ii the li^teat, the heaviest, die most nulleable, the 
■on»t, the bddeiit, the nxMt liuible, ind the moat vtiUlUe T 
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In hordnesa the metals differ much. Fotassium is BO 
eott that it may be moulded by the fingers, but iridium is 
among the hardest bodies known. In tenacity or strength 
the Bame differenoea are seen: of all metala iron is the 
moat tenacious. The eame metal difTera very much in 
this Teepect at different temperatures. 

In their relaticMia to heat, well-marked distincttona also 
may be traced. Mercury at all ordinary temperaturea is 
in a melted condition; but platina can only be fused be- 
fore the osyhydrogen blow-pipe. As respects -volatility, 
mercury, cadmium, potaasium, aodium, zinc, arsenic, and 
tellurium, may be distilled or aublimed at a red heat. 

The metala unite with electro-negative bodies, and with 
9Eich other. Indecompoaittonby the Voltaicbatleiy, they 
pass to the negative pole, and are, therefore, described as 
electro-positive bodies. Their compounds with oxygen, 
chlorine. See,, paee under the names of oxidea, chlorides, 
Sk.; their compounds with each other under the name of 
alloys, or, if mercury be present, of amalgams. They also 
unite with sulphur, jAosphofus, and carixin. 

Chemical writers uau^y divide the metals into groups 
, fbtmded upon ibeii relatione with oxygen gas. The fol- 
lowing simple division is the one I adopt : 1st. Jdetals 
which decompose water at common temperatures; Sd. 
Metals which can not decompose water at common tem- 
peratures, but do it at a red heat; 
not decompoae water at all- 

Cerinin. 



I. Metals which can- 



Fotusium. 

Bodiom. 

Lithioin. 



TaDnten. 

U^bdeniin 

The older chemists divided the metala into four class- 
38 : Ist. Alkaline, such as potassium. 2d. Earthy, such 



AntiiDOuy. 



Gold. 
Pftllsdinm. 
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as magnesiuiD. 3d. Imperfect, as zinc ith. Noble, as 
gold. 

THE METALLIC OXIDBS. 

Metallic substances unite with oxygen with difibreut de- 
grees of intensity, and in very different proportionB, many 
of them giving rise to a complete series of oxides, and 
producing, Ist. Basic oxides. 2d. Neutral or indifferent 
oxides. 3d, Metallic acids. 

1st. The basic oxides are commonly protoxides or ses- 
quioxides, which form neutral salts with hydrogen acids, 
with the production of water. To fonn such salts, for 
every atom of oxygen in the base there is required one 
atom of aiud. A basic protoxide, therefore, requires one 
atom of acid, a seaquioxide three, and a deutoxide two, 
to form a neutral salt. 

2d. The neutral, or indifferent, oxides contain more 
oxygen than the base, and, when heated with acids, give 
off that oxygen, a basic oxide resulting. 

3d. The metallic acids always contain more oxygen ; 
they may be sesquioxides, deutoxidea, teroxidea, pr quadr- 
oxidoB, and are commonly formed by deflagrating the 
metal with nitrate of potash. 

BBDUCTION OF THE METALLIC OXIBBS. 

Some of the oxides, such as those of mercury, silver, 
and gold, may be reduced by heat alone ; but the great- 
er number require the conjoint action of carbon, which, 
at a high temperature, decomposes them with evolution of 
carbonic oxide. Among powerful reducing agents may 
be mentioned the fonniates and the cyanide of potassium, 
the former acting through the affinity of carbonic oxide 
for oxygen, and the latter through the affinity of carbon 
and potassium conjointly. The deoxydarion of metals may 
also be accomplished by reducing agents, such as phos- 
phorous and sulphurous acids, or by the action of other 
metals ; iron, for instance, will precipitate metallic copper 
from its solutions. 

The Voltaic current afford/ a powerful means of ef- 
fecting the reduction of metals in philosophical investiga- 
tions ; by its aid the alkaline metals were originally ob- 
tained. The electrotype, already described, is an exam- 

'WliUBolMtinaea dometili yield with oivgwi T How ne matallio icidf 
tMnmonly made t BywbUpi *-"' -j--- 
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pie of its acdon ; even solutionB of metallic salts are 
readily decoinposed by it. Thus, if a 
glass jar, T, Fig. 261, be divided ioto 
halves, and a paper diaphragm be in- 
troduced between them, the halves being ^ 
tightly pressed together by the ring B B, 
if the jar be filled with any metallic so- 
lution, such as the aulphate of soda, and (" 
the positive and negative wires of the 
battery dipped in the opposite compartme 
the metallic oxide will be found in one of them and the 
acid in the other, a total decomposition having taken place. 

THE METALLIC 6DLPHURETS. 

Many of these, such as the sulpburets of iron, lead, and 
copper, are found abundantly in nature ; or they may be 
made artificially by heating the metal with sulphur, or by 
deoxydizing metallic sulphates by charcoal or hydrogen 
gas, which converts them into sulpburets ; or by the ac- 
tion of sulpbureted hydrogen on their oxides, which yields 
a metallic sulphuret and water. From their solutions 
under these circumstances, iron, manganese, zinc, cobalt, 
and nickel can not be precipitated, ibough they may by 
bydroBulphuret of ammonia. 

The sulpburets of a metal are usually equal in num- 
ber, and similar in constitution to its oxides; and as ox- 
ygen compounds unite >vith each other to produce oxygen 
B^ta, the sulpburets, in like manner, also unite with each 
other to produce sulphur salts. 

BEDUCTION 01" THE SUtPHURBTa 
The metallic sulpburets may often be reduced by melt- 
ing them with anower metal having a more powerful af- 
finity for sulphur; thus, iron filings will decompose sul- 
phuret of antimony, sulphuret of iron forming, and anti- 
mony being set free. On the large scale, however, a 
different process is resorted to ; the sulphuret, by roast- 
ing, is converted into a sulphate, much of the sulphur 
being expelled during the process as sulpburous or sul- 
phuric acid. The resulting sulphate is then acted upon 

B7 irhBtpnKesiiei tobt metsllic unlpbareU be obtained 1 'Wlutt metali 
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by lime and carbon at a high temperature ; the lime de- 
composes ,tfae eulphate. Batting free the metallic oxide, 
wHich is at once reduced by the carbon, t^e sulpbate of 
lime turning simultaneously into the eulpburet of calci- 
um, which floats on the suriace of the metal as a slag. 

The metals also unite with chlorine, iodine, bromine, 
carbon, pho^iborus, tee., and some with hydrogen and 
nitrogen, liiese compounds will be descnbed m their 
nroper places. 



LECTURE LVIL 

PoTASBiuit. — Ditawery of, tind Propertiet. — Relalitiiu to 

Oxygen and Water. — lU Oxidei. — Coioric Potaik. — 

Te*U_fiir Pottuh. — Haloid Compound* ^Potattiwn. — 

Saltt of tie Proloxide, the Carbomte, mtraU, Chlorate, 

POTA88IOM. K = 3M5. 

Potassium was first obtained by Sir H. Dary, who da- 
composed its hydrated oxide (potash) by a Voltaic cur- 
rent. From the positive pole oxygen gas escaped in bub- 
bles, and metallic potassium in globoles appeared at die 

It was subsequently discovered that the same sub- 
stance could be decomposed by iron, and also by carbon 
at a high temperature ; and the latter of these aabstaoces 
is now exclusively resorted to for the preparation of po- 
tassium. The carbonate of potash is ifmted with char- 
coal in an Iron bottle, and the potassium received into a 
vessel containine naphtha. The productiveness of the op- 
eration is greatly interfered with by the circumstance 
that the carbonic oxide which is evolved, as it cools be- 
low a red heat, unites with much of the potassium, pro- 
ducing a gray substance, which chokes the tubes and 
diminishes the yield of the metal. 

Potassium is a bluish white metal, which, at 32° F, is 
brittle, melts at 150° F., and boils at a red heat, yielding 
a green vapor. Its specific gravity is '865 ; it is, there- 
prom wlitt wu potuiiaia fint obtaJnad 1 What ftocen ii now in 
twfl fbrita prepustioat Wlut cinninutuiDe iDtarfbres with the pcodoc- 
(ivniMi ontdii proceas I W)uiC>nth« ptopeitiei oTpatuihapI 
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fore, mach lighter than water, on the siir&ce cf which if 
floats. At 70° F. it m&y be moulded by the flogeiB, be- 
ing soft and pasty. 

It possesses an intense affinity for oxygon, n^.tM. 
and hence requires to be preserved in bot- 
tles containing naphtha. A piece of it thrown 
upon wat«r tiikeB fire, and bums with abeau- 
tiful pink flame. In the air it speedily tar- ' 
nisbes, and, eren when brought in contact 
with ice, itdecotopoBOs itwith the evolution of flame. In 
these cases the combustion arises from the hydrogen unit- 
ing with the oxygen of the ^ and reproducing water ; 
the potasaiam simultaneously burns. 

POTASSIUM AND OXYQEN. 

There are two oxides of potassium, a protoxide and a 
peroxide, 

EO...EO^ 
The afiSnity of potassium for oxygen is so great that it takes 
that substance from almost all other bodies, and hence is 
used as a powerfiil deoxydizing agent. 

Protoxide o/Potatnum. KO = 47-163. 

This substance can only be formed by the acdon of po- 
tassium OQ dry air or oxygen. It possesses a groat affin- 
i^ for water, and is converted by it into the hydrated ox- 
ide of potassium, commonly called caustic potash. 

Hydrattd Oxide of Potaidvm. KO, SO — 56-176. 

This substance is best procured by boiling two parts of 
pure c^>onate of potash with twenty of water, and hav- 
ing previously slacked one part of quicklime with hot wa- 
ter, the cream which it forms Is to be added by degrees, 
and the whole boiled. The process should be conducted 
in an iron vessel to which a lid can be aidapted, so as to 
exclude the air during cooling; the resulting carbonate 
of lime settles perfectly, and the hydrate maybe obtained 
by evaporating the solution rapidly in a silver yesBel, pour- 
ing out the melted residue on a silver plato, or castmg it 
into the fbnn of small cylinders. 

The decomposition which takes place in the foregoing 
process is simple, 

Hmrmuiy oiidei douit ibmi? How ii die hydnted oxide, (v CRntdo 
potuh, obeyed T WhW ii the natore of the df '•^~' 
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KO,CO„ + CaO,HO... = ...CaO,CO,+-KO,lIO; 
that is, the lime takes carbonic acid from the carboaate of 
potash, and the oxide of potassium unites with water. The 
solution may be known to be free from carbonic acid by 
not effervescing when mixed with stronger acids. 

The hydrate of potash is a white solid, having a power- 
ful afGnity for water, and abstracting it rapidly from the 
air. Taken between the fingers, it communicates to the 
skin a soft feel, and, if a concentrated solution be used, 
soon effects a disorganization ; bence it is used by smr- 
geons in the form of small sticks as an escbarotic. It 
powBBseepre-enunently the alkaline qualities, and, indeed, 
may be taken as tbe type of tbat class of bodies, neutral- 
izes the most powerful acids perfectly, and communicates 
to turmeric paper, or turmeric solution, a brown tint. It 
turns the infusion of rea cabbage green, and, possessiBg 
an intense affinity for carbonic acid, is used in organic -i 
andysis to absorb that gas. 

Fotssb in combination occurs in all fertile soils, and is 
essential to the growth of land plants, from the ashes of 
which its carbonate is abundantly procured. This may be 
shown by filtering water through the ashes of wood, when 
the clear liquid will be found to answer to all the tests in- 
dicting tbe presence of potash. It occurs also abundant- 
ly in feldspar, and hence is found in clays. The vrast of 
fertility in soils appears occasionally to be due to the ab- 
sence of this body. 

Tbe bichloride of platinum g>ves, with a solution of 
potash, a yellow precipitate of the chloride of platinum 
and potassjum. When tbe amount of potash is small, it 
is well to add alcohol at first, in which the double chlo- 
ride is insoluble. Ammonia yields a simUar precipitate ; 
but this may be avoided by exposing the substance, in the 
first instance, to a red heat before testing. Perchloric acid, 
with alcohol, yields a white precipitate. Taitaric acid, 
if added in excess, and the mixture stirred with a glass 
rod, bearing gently on tbe sides of the vessel, gives whit« 
streaks of the bitartrate of potash wherever Uie rod has 
passed over the glass. 

Of what propeitiei u die hTdrate of poCuh poiieued, utd what are iti 
(ues I How may tlis exiatence of potasb ia die aibei of pluiM be proved ! 
What are tbe teiti tor tbe preaeace of diii aabiUnae ) 
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COHPOONDS Of I 

Of ptiier compounds of potassiuni, the following n 



Peroiido of potiMinm, Ktt. [ Bnimido of potMiitun, KBr. 
Cbloride of poUsBiom, KCl. I Fiocoaalpbarec afpaCasBiam, KB. 

Iodide of paiuuam, £/■ J FentHBolphocetofpotiugiaiti, £:$». 

It also combines with hydrogen in two proportioDs, pro- 
ducing a solid and a gas, the latter of which takes firfl 
spontanaouHly in the air. 

Of these compounds, the most important are the per- 
oxide of potassium, which is formed by passing oxygen 
oyer red-hot potash ; it is decomposed by water, evolving 
oxygen and producing potash ; the chloride of potassium,' 
which is analogous to common salt; the iodide, much of 
irliich is consumed in medicine, under the name of hy- 
driodate of potash. It may be prepared by dissolving 
iodine in a solution of potash, till the liquid begins to ap- 
pear brown, then evaporating to dryness, and igniting the 
. residue: oxygen is evolved, and iodide of potassium re- 
mains ; it may be then dissolved in water, and crystal- 
lized. It is white, crystallizes in cubes, and is very sol- 
uble in water and hot alcohol. Its solution will dissolve 
large quaotities of iodine. The pentasulphuretia the chief 
ingredient of liver of sulphur, which is formed by fusing 
sulphur with carbonate of potash at a low temperature. 

HALTS OF THE PSOTOSIDE OF POTABSITJM. 

Carbonate ofFotath is obtained by lixiviating the ashea 
of plants. In an impure state it forms the potashes and 
pearlashes of commerce. It maybe obtained pure by ig- 
niting the bitartrate with half its weight of the nitrate of 
potash. It has an alkaline taste, its solution feels greasy 
to the fingers, it is very soluble in water, and deliquescent. 

'Btearbtnate of Potaik, formed by transmitting a stream 
of carbonic acid through a solution of the former salt. It 
crystallizes in eight-sided prisms with dihedral summits. 

Stdphate of Potash, formed by neutralizing the follow- 
ing- salt. Crystallizes in anhydrous, oblique, four-sided 
prisms, soluble in about ten times its weight of water. 

Sidpltate of Potash and Water, sometimes designated 
aa the bisulphate of potash j it is the residue of the produc- 
tion of nitnc acid. It is K>luble in water, and has an acid 
reaction. It crystallizes in rfaombobedrons. 
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Nitrate of Potath is extracted on tfae large scale from 
certain soils in which organic matter is decaying in con- 
tact with potash. It crystallizes in six-sided prisms, fuses 
at a heat neneath redness, with evolntion of oxygen gas. 
It is aolable in about three times its weight of water, at 
common temperatures. This salt enters as an essential 
ingredient in gunpowder, which is composed of about one 
atom of nitrate of potash, one of sulphur, and-three of 
carbon. The sulphur of this mixture accelerates the coni' 
buslion, while Ihe oxygen of the lutre forms carbonic acid 
with the charcoal. The products, therefore, of the per- 
fect combustion of gunpowder are carbonic acid,iritrogen, 
ttnd the sul|]burBt of potassium. It commonly happens, 
however, that sulphate of potash is formed. The pro- 

Sortions of the ingredients of gunpowder are varied for 
ifierent uses. The powder used for mining, for exam- 
ple, contains more sulphur than that used for firearms. 

CUorate of Potash. — When a stream of chlorine is ■ 
passed into a solution of potash, the chloride of potassium 
and the chlorate of potash result; the latter is deposited 
in flat, scaly crystals. 

The chlorate of potash contains no water; it dissolTeB 
in about fifteen limes its weight of that fluid ; melts at a 
red heat, with evolution of pure oxygen ; deflagrates witli 
combustibie bodies, sometimes wi^ much violence. 



LECTURE LVIIL 
Sodium. — Preparation of. — Relation to Cfxj/gm and Wa- 
ter. — Color comTtwnieated to Flame. — It» Oxide*. — Tile 
Hydrated Oxide. — Teit» Jbr Sodium. — Haloid Com- 
pounds, — ComnuM Salt. — Salts if ike Protoxide*, Car- 
bonates, Sulphates, Nitrates, Sfc. Litbiuk. — BABinif. 
— Its Oxides. — Haloid Compounds. — Salts <f the Pro- 

SODIDM. Na = 23-3. 

SoDiDM may be obtained by the same process as potas- 
aium, but is beet procured by i^piiting the calcined acetate 
of soda with powdered charcoal in an iron bottle ; and, as 

WIwEh the origin aod nHOftfae iiimUat How i> the chlorate Buda I 
Bow ii aodiaiB obMiiwd, md whit •» iti uei ? 
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tli« sodium does not act upon cftrbonie oxide, the opera- 
tion is much more productire than in the case of the oth- 
er metal. Like potassium, it is to be kept in bottleB un- 
der the sorface of naphtha. 

Id color, sodium resembles silver ; its apeclfic gravity is 
0-9348 ; it therefore floats upon water. It melts at 194<^ 
F., atid is more volatile than potassium. Thrown upon 
water, it decomposes it with a hissing sound, and with ths 
evolution of hydrogen, but no flame appears. If, howev- 
er, the water is hot, then a beautiful yellow flame, cfaar- 
acteristic of sodium and its compounds, is the resulL 

BODItTM AND OXYQBN, 

With oxygen sodium forms three compounds ; the sub- 
oxide, protoxide, and peroxide. 

PTotoxide of BodiMM. NaO = 31-313. 

This, like the corresponding potassium compound, is 
produced by oxydizing sodium in dry air. It is a white 

Kwder, wtnch attracts moisture from the air and ftmns the 
, drated oxide of sodium, commonly called caustic soda. 

Hydrated Oxide of Sodium, NaO + HO = 40-323, 
or caustic soda, may be made by the same process as that 
give^ for caustic potash, by nsieg carbonate of soda, and, 
when the resulting carbonate of lime has settled, evapo- 
rating tho liquid. The best proportions are one part of 
quicklime to five of carbonate oi aoda in crystals. 

Caustic soda resembles caustic potash in most of its 
properdea. It is deliquescent, has a strong affinity for 
carbonic acid, and acts upon animal tissues as an escha- 
rotic. Its B^ts are generally more soluble than the pot- 
ash salts, and On this are founded the methods recom- 
mended for distinguishing the latter compoimds from it. 
Moreover, the soda compounds communicate to the flame 
of alcohol, or to the blow-pipe flame, a yellow color : the 
same tint ^iich is characteristically seen when sodium 
is placed in hot water. 

Chloride of Sodium. NaCl = 68-77. 

The chloride of sodium, common salt, is ohtuned ahund-. 
antly from the waters of the sea, to which it gives their 

What are iM propflTtiei compared iritli poCunioD 1 WJiat oomponnda 
with oiygea doea it grre t How ia cuutic aod* obtuand I 'What are ill 
pn^rtiei audiueal WhatoolordotiiaiodiamccimpOQiidafiTatBflsms} 
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salinity. It is also found as rock sak, deposited exten- 
eively in certain geological formations. 

Common salt is the general type of that extensive class 
of compounds wbich have derived the name of salt bodies 
from iL It crystallizes in cubes, and, when in mass, is 
often perfectly transparent, and permits the passage of 
heat 01 every temperature through it freely. It xaeuk into 
a liquid at a red heat, crystalbzea in cubes, and is not 
more soluble in hot than cold water. It is extensively 
used in the preparation of hydrochloric acid and chlo- 
rine ; immense quantities, also, are annually consumed in 
the preparation of carbonate of soda, which is made by 
first acting on the common salt with oil of vitriol, so as to 
turn it into sulphate of soda, and igniting this with char- 
coal and carbonate of lime : an impure carbonate of soda 
is the result, known under the name of black ash, or Brit- 
ish barilla. Common salt is extensively used for the 
curing of meat. It is also an essential article of food, 
being decomposed in the animal system, and famishing 
hydrochloric acid to the gastric juice and soda to the bile. 

The compounds of sodium with bromine, iodine, sul- 
phur, &:c., are not of interest, 

SALTS OP THE PEOTOXIDB OF 60DIUM. 

Carbonate «>f Soda b sometimes obtained by lixiviating 
the ashes of sea-weeds. Large quantities are also pro- 
cured from the decomposition of sulphate of soda by saw- 
dust and lime at a high temperature, the carbonaceous 
matter decomposing the sulphuric acid and generating 
carbonic acid, which unites with the soda, while the liber- 
ated sulphur is partly dissipated and partly unites vrith 
the calcium. From the resulting mass carbonate of soda 
is obtained by lixiviation. The crystals, as found in com- 
merce, contain generally ten atoms of water ; there are 
two other varieties, the one containing eight atoms, and 
the other one atom of water. Large quantities of the 
carbonate of soda are also sold in an uncrystallized state, 
under the name of salts of soda. The figure of the crys- 
tals of this salt is a rhombic octahedron. They effloresce 
on exposure to the air. They are soluble in five times 

WhU IB Ihe coDititntion oT commoa lalt t Fitim vhu Knacet ia it ds- 
rirod 7 What are iti pntpertieB ? Hair u banll^ obtained from U T 
Wli; In it eBamtial M an article of food ? Fram what Kmrce ia die ctr- 
bDuUeoTiiidaobtaiDed 7 Defcribe du prspantim of it from the mlpliUa. 
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their weight of cold and in less than ihoir own weight of 
boiling water. 

Bicarbonate of Soda, or the double carbonate of soda 
and water, is formed by tranemittinr a Btream of carbonic 
acid through a Boludon of the carbonate, and ie in the 
form of a white powder. It is less soluble in water than 



Sulphate of Soda is the Glauber's salt of the shops ; oc- 
curs as a natural product, and also as the reiult of the 
preparation of hydrochloric acid. It is in prismatic crys- 
tola of a bitter taate, efflorescing in the air, and becoming 
anhydrous. Water dissoWea more than half its weight 
ot this salt at 91 J" F., hut abore that degree it ie less sol- 
uble. When a solution of throe parts of this salt in two 
parts of water is corked up in a flask while boiling, it may 
be cooled without crystallization taking place ; but if the 
cork is withdrawn, crystallization commences at once, Or 
if it does not, the introduction of any solid matter produ- 
ces it, and the temperature of the solution at once rises, 

Nitrate of Soda is found abundantly in difierent parts 
of America in the soil; it crystallizes in rhomboids, dis- 
solves in twice its weight of cold water, and, from its del- 
iqueecence, can not 1:^ used in the manufacture of gun- 
powder. 

PkospAale of Soda (tribasic) is formed by neutralizing 
phosphoric acid with carbonate of soda; two of the hy- 
drogen atoms are replaced ; it crystallizes in oblique 
rhombic prisms, dissolves in three times its weight of cold 
water, is of an alkaline taste, and gives a lemon-yellow 
precipitate with nitrate of silver. By the addition of soda 
to it a subphosphate is formed, in which all three of the 
hydrogen atoms of the acid are replaced ; but by tho ad- 
dition of phosphoric acid to the ordinary phosphate, till it 
ceases to give any precipitate with chloride of barium, the 
biphosphate of soda results, a salt very soluble in water. 
Its crystals are rhombic prisms. In it only one of the hy- 
drogen atoms is replaced. 

SScrocoimic Salt, or die phosphate of soda, ammonia, 

Wbst iJ fb» ooaaneratl nama ot the inlplitite 7 "What ptmaSaiitj U 
there in die oiTitalliiaCion of it* •olntioa 1 Vfhj cm not the Ditrate ba 
Died for giuipowd«i1 Wbat ii the difference between the phoaphMe, 
the pyn^mj^iate, and the meEa^ioe[ih>te of fodal 
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and water, is made W diseolving Beven parts of pbospbata 
of aoda in two parts of water, andadding one part of sal am- 
moniac At a low heat it partti with ite water of crystal- 
lization, and the temperature rising, it loses its ammonia 
and saline water, becoming monobasic phosphate -of soda. 
It ia much used in blow-pipe esperimenta. 

Pyrophotpkale of Soda (bibasio) IB iprocacedhyhBVtiag 
the pfaoHphate. It gives a white precipitate with nicrata 
of silver. 

MetaphotphaU of Soda (monobasic) b formed by heat> 
ing tnicrocosmic salt to redness. It is soluble in water, 
melta at a red beat, and gives, with dilute solutions of the 
earthy and metallic salts, viscid precipitates. 

Biborate of Soda, the borax of the shops. It is import- 
ed in a crude state (rom the East Indies, and manu&c- 
tured from the natural boracic acid of Italy by the addi* 
tion of carbonate of soda. It cry^lizes in octahedrons, 
or in oblique prisma, the former cont^ning five, the latter 
ten atoms of water, all of whicji is lost by exposure to & 
red heat, the salt then fusing into a glass. It is of great 
use in blow-pipe experiments. 

LITHIUM. 2,t=6«, 

This rare metal occurs in certain minerals,' aucli as 
spodumene, lepidolite, &c. It is a white metal, commu- 
nicating to flame a red color, 'it yields a protoxide the 
carbon^ of which is of sparing solubility in water ; thus 
forming the link of connection between the potash and 
soda carbonates, which are very soluble, and me carbon- 
ates of the alkajine earths, as baryta and strontia, which 
are insoluble. 

This brings us to the metals of the alkaline earths, which 
form a division of our first group ; the fiiat of these is 

BAKIUM. Sa = 88'7, 

The existence of barium was first proved by Davy, who 
isolated it by electrifying mercury in contact with the hy- 
drate of baryta, an amalgam formed, from which the mer- 
cury was subsequently distilled, leaving the barium as a 
metal of a gray color like cast iron, heavier than sulphuric 
acid, in which it sinks, obtaining oxygen rapidly &om the 

What ill microcmaic ult? From wbU lonrce ii bonx derired. and 
wbat are iti luei t In what miuerali dosi litbiDui occur 1 Whit is dM 
relatiai d iti oubonUs to tboae of the procediog and nbseqiMnt matala I 
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air, Bod givmg rise to the production of die protojude of 
. baritim, baryta. 

Protoxide of Barium, BaO = 76-713, 
m»y be obtained by igniting the pitrate of baryta, die de- 
composition being 

BaO, NOy. .. = ... BaO + NO, + O; 
that is, one atran of nitrate of baiytes yields one of pro- 
toxide of barium, and one of nitrous acid and one of oxy- 
gen gas are expelled. 

This protoxide is a white colored bodw, possessing a 
strong affinity for water, with which it euiibits the pne- 
nomenon of slacking-, as ia the case to a leas extent with 
lime, heat being eTolved. It has an acrid taste, is soluble 
in water, tmd absorbs carbonic acid from the air. Its 
specific gravity is about 4000. Its soluble salts are pais- 

HydraU of Baryta, BaO, HO = 85-786, 
is formed by riackias the pfottrnde, and is a white pow- 
der, very soluble in hot, but less so in cold water, yield- 
ing, therefore, ciyBtals when a hot solndon cools : these 
contain nine atoms of water of crystallization. The cold 
solution is used as a test for carbonic and sulplittric acids, 
with which it forms insoluble white precipitates. 

This solution is most easily obtained by calcining the 
native sulphate with pulverized charcoal, which converts 
it into the sulpburet of barium. To a boiling solutioit of 
diia body oxide of copper is added till the liquid ceases to 
blacken a solution of acetate of lead. On being filtered, 
the solution of hydrate of barytes is obtained. 

• Peroxide of Baritim, BaO, = 84-7, 
is made by igniting chlorate of potash with barytes, or by- 
passing oxygen over barytes in a red-hot tube. It is used 
in the proparadon of peroxide of hydrogen. 

Of the other compounds of barium, the chloride is much 
used as a teat for sulphuric acid ; it may be made by de- 
composing carbonate of baryta by hydrochloric acid. The 
snlpnuret of barium is made by igniting the sulphate of 



For what porpoge ia tha chloride ol 
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baryta, he&vy spar, with charcoal, which deoxydizes bodi 
the sulphuric acid and the baryta. It diaftolveB in hot wa- 
ter, and from this solution a solution of caustic baryta 
may be obtained by boiling with the oxides of lead or 
copper, and separatiDg- the sulphureta of those metals by 
filtralioD. By acting upon it with hydrochloric or nitric 
acid, th« chloride or nitrate of baryta may be prepared. 

SALia OP PROTOXIDE OF BABICM. 

CarbmtaU of Baryta is found native, as the mineral 
WilheriU, and may be prepared by precipitating; a solu- 
ble salt of baryta with an alkaline carbonate. It is solu- 
ble in 4300 times its weight of cold water, and 2300 of 
boiling water. 

SulphaU of Baryta, found native abundantly as keaDy 
tpart and from it most of the compounds of barium are 
prepared. It is lulled heavy spar, its -density being 4'47. 
It crystallizes generally in tabular plates, and is wholly 
insoluble in water. 



LECTURE HX, 
S-notmoUf—Uttt in Pyrotechty. — Salt* i^ PnOomde^ — 
Calcium. — Protomide of, — Sources hi Naturt. — Tltt* 
Jor. — Haloid Compoitndg, CMoride, Fluoride, Svlphtir- 
et», ^. — Salt* of the Protoxide, Carionate, Sulphate, 
Phoiphate, Chlffride. — MAGNESinM. — Protffxide. — Salt* 
of Protoxide, Carbonate, SiUphate, Double Photpkate. 
— ALrMiNUH. — Seaquioxide. — Uses tn the Aft*. — TeUt, 
— Sails of ike Sesquioxide, Double Sulphate, Alum,— 
Manufacture of Porcelain and Glass. — Other Mgtali. 

BTaOMTlUM. Sr=«-8. 

Tbis metal may be obtained by the same procesaes 
which have been used for obtaining barium, with which 
it.has a considerable analogy. Its natural compounds are 
the sulphate and carbonate, from which its other prepara- 
tions may be obtained. 

Strontium yields a protoxide, which ia the basis of a 
■eries of salts, differing from baryta salts in sat being 

ilpluta o[ htipes be convened intD tbe ■nlpbont oT 
re Ilie properties of Ae cubonste igui snlplwte of b«- 

. . ■ m differ from bariom I 
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peTfloiHmB. TIis chloride and nitrate sre used in pyn>- 
' techny for the porpose of communicatiiig to flame alirill- 
iant crinnoQ color- The red fire of theatres coattuns the 
latter mlt, and the former, if diaeolved in alcohol, com- 
municates to its flame the characteristic t^t of the sCron- 
tium compounds. 

SALie OF THE PEOTOXIDB Ol' eTROtfTIim. 

Carhonate qfStnmtia is the itrontianite of mineralogiita. 

Sulphate ojf Strontia is the celestine of mineralogiats. 
It is not BO heavy as sulphate of baryta, and is said to he 
soluble IB abont 4000 times lis -w^i^t of boiling water. 

NitraU o/* Strontia forms an ingi'edient of the red fire 
used in theatres ; it cryatallizes in octahedrons, and is 
•oluble in five times its weight, of cold water and half its 
weight of bcnling wUer. 

OAXCniM. Co=so-s. 

Galcidh ha« nevai'heen obtained in quantities sufficient 
to permit a full examination of iu propertieB. It oxydi- 
zes with rapidity, yielding a protoxide, known alao as 
quicklime or lime. 

Lime occurs as a carbonate in the various limestonea, 
marbles, chalks, &c., which form in many countries ex- 
tenaire mountain ranges. Its other salts are very abund- 

From the carbonate, pure or quicklime may be ob- 
tained by exposnro to a bright red heat. If the limestone 
contains silica, it may, however, be overhumt, a silicate 
of lime forming, which prevents the product from slacking. 
It possesses a strong affinity for water, and unites there- 
■mXh with a great elevation of temperature, as exhibited 
in the proCees of slacking. Exposed to a high tempera- 
ture, it phosphoresces splendidly. The hydrate which 
forms when time is slacked is white ; it is soluble to a small 
extent in water ; and it is remarkable that cold water 
dissolves much niore than hot. Lime-water is colorless, 
of a partially caustic taste, neutralizeB acids perfectly, re- 
storing- to reddened litmus its blue color. It is used as a 
teat for carbonic acid, with which it gives the white car- 

What is tba color it couunnnicatM to Hgine ? "Whal are the minBralog- 
ioaL a*B(e> of tbe cwbonMe aad njlphue of itnmtiK 1 WhM ii lima t 

BmebaprodWedT WhaC i. the aotumrf wMar on it ? Wb«t «re the 
pBipsrtiey of Ume-wmter 1 
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bonate of Hme. Cream of line is nothing but lime-water 
in wbicli hydrate of Hme is mechanicallT suspended. The 
faardening of lime mortars depends chiefly on the abiorp- 
tion of carbonic acid. Hydraulic lime posseBSes the ijual- 
ity of Betting under water. It contains Oidde of' iron, 
alumina, and silica. 

Lime ia beet detected by oxalate of ammonia, with 
which it gives a white precipitate of oxalate of lime, pro- 
vided tbe solution be not acid. 

Among other compoundsof calcium maybe mentioned 
CMoride of Calcium, CaCl=5S-97, - 
formed by dissolving carbonate of lime in hydrochloric 
acid, evaporating the solution to a simp, and, on cooling, 
the chloride crystallizes. It is exceedingly deliquescent. 
Chloride of calcium, dried without crysttJliz^ott, is used 
in organic analysis for collecting water, and, generally. In 
other chemical operations for diying gases. 

Fluoride of Calcium, CaF=39-2i, 
called, (dao, fiuor spar, and frequently found as a mineral 
associated with lead. Crystallizes in cubes, octahedrons, 
&C., of various colors. It is found in fossil, and, to a 
smaller extent, in recent bones. It is used for various or- 
namental purposes, and is the source from which the com- 
pounds of fluorine are derived. 

Sulphuret of Calcium, CaS=:3e'62. 
obtained by igniting the sulphate of lime-vdth charcoal, 
and constitutes Canton's phosphorus, commonlv made by 
igniting oyster shells with sulphur ; possesses die curious 
quality of^shining in the dark, after a brief exposure to 
nie sun or to the rays of an electric spark. 

BAITS OF THE PROTOXIDE OF CAICIUM. 

Carbonate of Lime is sbundantly found in nature, form- 
ing whole ranges of mountains, the limestones, marbles, 
&0t of mineralogists. It occurs pure in the form of Ice- 
land spar, in rhomboidal crystals, possessed of double re- 
firaction. It is dimorphous, asaiuning the form of six-sid- 
ed prisms, as in the mineral called Ajragonite. It ia an- 

What ii milk of lime 7 For irhit porp«e> ii the chloriile of calciiin] 
and t ITuder whut fbmu doei fluoride of calcimn cKcnr t Wbst nngn- 
n pouEM T ^Thai an die dbmr' 
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hydroni, insoluble in water, but in water chiurged with 
carbonic acid it is soluble, and is deposited from such a 
Uqtiid on boiling, or b;. the diffusion of carbcHiic acid into 
the air. The carbonic acid is expelled from this salt by 
a red. heat, and the action of the more powerful acids. 
Carbonate of lime may be obtuned in union with water, 
by boiling hydrate of nme with a soladon-of sugar. 

Stiiphate of Lime^Gyptum— -ocean nadve, both in 
cryatals, the pi-imary form being a rhombic prism, and also 
in extensiye crystalline masses. It contains two atoms of 
water; th^-e is aTariety,however,pBssing under the name 
of anhydrite, which contains no water. On calcining the 
hydrous sulphate of lime at a low red heat, it becomes plas- 
ter of Paris, and has the property of setting into a hard 
mass when made into a paste with water. The sulphate 
of lime is soluble in 500 parts of boiling water, and often 
eccura in tb» water of springs, to which it communicates 
hardness. 

PAoiphale of Lime — Bmutarth Phosphate — is one of 
the tribadc phosphates ; it is precipitated when earth of 
bones is dissolved in muriatic atdd, and the solution neu- 
tralized by ammonia. 

Chloride of lAme — Bleaching Poted^ — is made by ex- 
posing hydrate of lime to chlorine. It is a white pow- 
der, exhaling a faint odor of chlorine, and is used exten- 
iQTely as a bleaching agent. 

UAGNEBITTU. Mg = 19^. 

Maonisium maybe procured by ignitii^ a mixture of 
chloride of magnesium and sodium in a porcelain cruci- 
J>Ie ; t^e chloride of sodium forms, and magneiiom is set 
free. The chloride may be dissolved by water. 

It is a white, malleable metal, which melts at a red 
heat, and, with excess of air, osydizes, forming 

Protoxide of Magnetiitm. MgO=iO-^lS. 

This substance, called, also, caJdned magnetia, or sim- 

Ely magnesia, may be made by heating the i^arbonate to 
>w redness ; the carbonic acid is driven off, and the mag- 
nesia remains as a white powder, insoluble in water, but 

tji^er whmt circmiuUiBea ia it wlDble in rstetl Under whit (brmi 
doe* (Olphkte athaa occor, lod for what pnrpcMei ii it oaed T In irfaat 
doe* dw pboiphiM of lime oocDT t WhatiaUeachiiigpiiwderl Howii 
munenmnbtBinedt WtaMiretfaeprapertinofitl DDdenrhunniwi 
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neutralizing' acids completely, and formmg with tbem a 
complete series of salts. 

Magnesia occurs very ttbuudantly iu UBture, often aaao- 
eiated as a carbonate with carbonate of lime, as in dolo- 
mitic limestone. It also occurs in fertile soils, and is es- 
sential to the growth of cettain plants. 

It is well distinguisbed from all the foreggiag alkaline 
earths by the reladon of its sulphate. The Bu^hatea of 
baryta, strontia, and lime form a series of aalts, dw solu- 
bility of which, in water, is constantly increiMUBg; bj 
lliese the corresponding magnesia salt may be added ; it 
is very soluble. 

Magnesia is precipitated irom its sulphate by the cau>- 
tic alksJies. and by die carbonates of potash and soda as 
a carbonate, bat not by the carbonate of ammonia in the 
cold. It may be detected by adding carbonate of ammo- 



id phosphate of soda in succession, when the pho»- 



Ehate of magnesia and ammonia is precipitated. Heated 
efbre the blow-pipe, after having been moistoned with 
nitrate of cobalt, magnesia becomes of a pinkiah color. 

8ALT3 09 THE PROTOXIDE OP MAONB9IUM. 

Carbonate of Magnesia is found native, and may he 
' prepared by boiling the sulphate with an alkaline carbon- 
ate, difiiising the. precipitate in water, and passing a 
stream of carbonic acid tnroogh it ; by spontaneous evap- 
oration the carbonate of magnesia is deposited in crysiau. 
The carbonate of magnesia, the magnesia alba of the 
shops, is prepared by precipitaiing the sul]ihate of mag- 
nesia with the carbonate of potaah ; it occurs in light 
n^te cubical cakes, or in powder, and is not a true car- 
bonate, for it does not contain a full equivalent of carbonic 
acid. It a said to be a compound of one atom of hydrate ' 
of magnesia with three atoms of hydraCed carbonate of _ 
magnesia. It is very slightly soluble in water. 

Sulphate of Magnesia — Epiom Salts of commerce— is 
produced by the action of dilute anlphuric acid on magnc' 
■ian limestone. Its crystals are small four-sided prisms, 
soluble in an equal weight of cold and three fonrths their 
weight of boUiog water, the solution having a bitter taste. 
A. low heat expels six out of the seven equivalents of the 
combined water. 

Wbuii dolciinitioIimaitoDsl Howm^ nugoeula b« detacMd T Baw 
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Jpka^iate ofMagnaia and Ammonia, one of tbb vari- 
•tie* of uiinary calcuiufi, may be formed artificially when 
« tribasic phoBpliate, a Bait of ammonia, an4 a salt of mag- 
nesia are mixed together. 

Magnesium is the last of the alkaline earthy metals. Its 
history completes that of our fiist group of metallic bodies. 
At the head of the second group we find aluminum, the 
firtt of the earthy metals. 

ALUMINUM. Al = \31. 

Obtained, by Wholer, by the action of sodium on the 
chloride of aluminum, being the same process as that 
given for the preceding metal. 

It is agray powder, whii-h melts beneath aredhealj 
takes fire'when heated in air, producing 

Seiquwxide of Aluminum, .d/,Os=51-539. 

This oxide, called, also, alumina and clay, occurs nat- 
nially under certain forms, which are highly prized, aa the 
ruby and sapphire. In a more impure condition it yields 
the yarious common clays, which also contain siUca or 
metallic ox.ides, or other extraneous bodies. 

Alumina may be prepared &om the sulphate of alumina 
and potassa, common alum, by precipitating the eulphnrio 
acid by chloride of barium. The sulphate of baryta goes 
down, and there ia. left in the solution chloride of po- 
tassium and dfaloride of aluminum. When the mass is 
dried, water is decomposed ; hydrochloric acid is then ex- 
pelled, and alumina, mixed with the chloride of potassium, 
remains behind ; the latter is to be dissolyed away by wa- 
ter, leaving the- alumina as a white substance, which, with 
water, -forms a plastic mass, capable of being moulded, 
and retaining its shape when baked. After ignition, it 
adheres to the Eongue, and during the act of drying it con- 
tracts considerably in volume, a property which lovmecly 
gave rise to the inyention of Wedgewood'a pyrometer. 

The presence of alumina gives to the clays those prop- 
erties which fit them for the purpose of the potter and 
brichmaker. Alumina is also used as a mordant to fix the 
coloi^ of certain dyes upon cloth. 

In what forin ia the phosplmle of masniBiiii aai nmmonia lametimei 
ftmndl How ia aloniinnin prepared! Wbal ii the oomtitntLon ofiuox- 
iduT' Under what naWrtlfonns doas it occur! How may almnina b« 
nraparedl What principio is inyolved in Wedgowood'a pyTDmelerT 
Wtat in meant by a mordant 1 



QgniodD, Google 



272 PORCELAIW- KABTHBW-WAIE. GLASB. 

AltimiDs is precipitated from its Bolntions by fixed aJ- 
Icaliea, which yield a white hydrate of alumina, soluble in 
sa excess of the precipitant. It is also thrown down by 
alkaline carbonates ; and, when these precipitatioos are 
made in a solution tinged with coloring matter, the alu- 
mina carries it down with it. Such colored predpitates 
pass under the name of lakes ; and it is this pn^ieity of 
attaching such colors to itself, enabling it to cause their 
firm adhesion to cloth fibre, which is the princ^>le oF its 
application as s mordEmt. 

Among the purposes to which alumina is applied may 
be mentioned the manufacture of PoacBLAiN, and the dif' 
ferent kinds of earthen-ware. The former substance, fint 
made by the Chinese, is very compact and tranalncent. 
It consists esseolially of clay mixed with a fusible body, 
which binds all its parts together, and is covered with a 
glaze, which does not terminate abruptly on tbe sur&ce, 
but pervades tbe sabetonce of the mass. In this I'espect 
it diBbrs &om commwi eaithm-ware. Feldspar, or the 
silicate of lime, are bodies suitable for commiuucaling this 
glassy structure. 

In the manufacture of porcelain, great care is taken to 
select clay iree from iron. It is mixed with powdered 
quartz utd feldspar, and the requisite shape given it either 
by the potter's wheel, or by pressing it into moulds. It 
is then dried in the air, and mote perfectly in a furnace, 
and, when ignited, forme bUcvit, This is dipped in the 
glaze, suspended in water, and becomes covered over with 
a uniform coat of it. It now remains to dry it once more, 
and fuse the glaze upon it. 

EABTaEN-WARE consists of a white clay mixed with sil- 
ica. It is glazed with a fusible material containing oxide 
of lead, and colored of different tints by metallic oxides ; 
for example, blue by cobalt. 

Connected with die manufacture of poUery, may also 
be mentioned the manufacture of Glasb, of which there 
are several varieties, some consisting of silica, potash kx 
soda, and lime, others containing a large quantity of oxida 
of lead. If silica be heate'd with carbonate of potash and 
lime, or oxide of lead, carbonic acid is expelled, and glass 
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fprme. The mass is kept in a fiued condidon till it ia froe 
from air bubbles, and is then cooled until it becomes plas- 
tic, so that it may be blown or moulded. 

Articles of glass, after they are manufactured, require 
to be annealed or slowly cooled down. This allows their 
parts to assume a regular structure, and prevents eKceas- 
ive brittloness. ' 

Soluble glatt is formed when silica is beated with twice 
its weight of carbonate of soda or potash. It derives in 
name from the fact that it is for the most pan soluble in 

BALTB OF THX BBSaUIOXIDB 01* ALUHINUH. 

Sulphate t^ AUtmina is made by diasolTing alumina in 
dilute Butphnric acid. It enters into the composition of 
die alums. 

Sulphate of Alumina and Potath — Alum. — This import- 
ant salt is prepared from alum slate. It eiystallizes in ' 
octahedions, has an astringent taste, reddens htmus paper. 
It dissolres in about eigbleen times its weight of cold, and 
less than its own weight of boiling water. It contains 
twenty-four atoms of water, and, when exposed to heat, 
fiiams up, melting in its own water, which, being erspo- 
rUed away, leaves a white porous mass, commonly called 
burnt alum. 

In the same way that the sulphate of potash tmites with 
the sulphate of alumina, so, also, do the sulphates of am- 
monia and of soda, forming reepectiTely the ammoniacal 
and soda alums. The alumina in the common alum may 
be replaced, also, by the sesquioxides of iron, manganese, 
or chramium, giving iron, manganese, tstA chrome alums. 

The following metals, Glucinum, Thorium, Yttbium, 
ZncoNitm, Lamthanidu, and Cerium, are very rare bod- 
ies, and, being of little interest, may be passed over with- 
out farther notice. 
Wl^maMitbauiwcMl WhU m die propettieiior tlia nlphua 
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LECTURE LX. 
Hamoahese. — lU Seecn Oxidet. — 7^ Peroxide and if 
Applieatioiu. — Mineral Chamdetm. — Acidt of Manga- 
aete. — SalU- of the Protoxide. — Iron. — lU Natural 
Fonm. — Reduction on the Great Sealf. — Cent Iron.— 
Wrought Iron. — Sted. — Patiive Iron. 

lUNOANBSa. MnTitVtn. 

Manoanesk may be procured by igniting itB oxides with 
% mixture of lampblack andoilin & powerful furnace, tho 
reductioii being somewhat difficidt. It is a white sietal, 
specific Kra»ity 8-013, requiring a white heat for its fusion, 
and nxydizing readily in the air. It is remarkable for ths 
Dumber of oxygen compounds which !t yields; they aie 
MnO . . . Mn^O, . . . MnQ, . - ■ J*»0, ■ - . Mn,0, . . . 
Mn,Ot...Mn,On 
designated respectively, 

PrMoiide of moDgBneM. I Pemku^Biiio uid. 

SeBOnioxida (^zauiKUwa«. I H«d oxide of mauaukeie. 

PBroiidBofmansuicae. Varridta. 

Haoguuc udd. | 

Of these, the protoxide May be made by passing hydro- 
gen gas over red-hot peroxide of manganese. It is of a 
green color, ife a basic body, and forms a series of salts, c^ 
which the sulphate is used in dyeing. It is isomorphouB 
with magnesia and zinc. Hydrosulphiiret of ammonu 
yields with it a flesh-colored precipitate, feTTOcyanide of 
potssuum a white, and the chloride o( soda a i^k brown 
nydrated peroxide. The sesquioxide is made by ignidnr 
the peroxide, as will be presently explained. The red 
oxide and varvicite occur as mi vrala ; but of the whol* 
series the peroxidp is by far the most valuable. 

Peroxide of Manganese, MnO,=i3726, 
b found abundantly as a mineral, and passes in commerce 
under the name of black oxide of manganese, a name in- 
dicating its color. It is insoluble in water, and when ex- 
posed to a red beat gives off" one fourth of its oxygen, 
forming the seequioxide, as stated above, the action being 

How Buy miun^noio 1 
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COHPODNDS OP MANOANBaE. STS 

2(JlfMQ,) ... = ... Jlfo^O, + O. 
On- this fact is founded one of the proceaBea for obtaining 
oxygen gae. Heated with hydrochloric acid, it yields 
chlorine, ae has been explained. It was formerly called 
glaasmakers' soap, from the circujnstance that it removes, 
when added to melted glass, the stain of protoxide of 
iron, by turning it into peroxide, and causes the glass to 
become colorless ; but if too great a proportion of per- 
oxide 'of manganese is used, the glass assunies an ame- 
thystine color. 

Peroxide of tnanganeBe, when ignited vrith causdc pot- 
ash in a platina crucible, yields a substance known as 
Mineral Chameleon, which is of a green color. Water 
dissolves frora it the Mangattate cf Potash, which ia of 
a beautifiil grass green, the solution speedily passing 
through a variety of shades of purples, blues, and reds, 
^s yet, manganic acid is a b3rpothetical compound, and 
has not been insulated. When mineral chameleon is 
dissolved in hot wster, a red solution is obtained of ths 
PermiinganaU-of Potath ; from the permanganate of ba- 
ryta a crimson solution of Permanganic Add may be pro- 
cured by the aid of salphuric acid ; but permanganic acid 
Ctin not be obtained in the solid form. 

Atoong other compounds of manganese, the following 
may be named : 

Pintochloride OtaaBaamte MnCl = 63'15. 
PercbloridB " " MmCb = 3I)Z-19. 

Parflooride " " Mn^Fb = ISS-IS. 

The prolochloride may be made by acting on the per- 
oxide with, muriatic acid, evaporating to dryness, and 
fusing at a red heat. Ondigestmg with water, the proto- 
chlonde dissolves, and any impurity of iron is left in the 
state of oxide. Then, by crystallizing, the chloride can 
be obtained in pink crystals. The perchloride is pro- 
duced when permarganate of potash, common salt, and 
sulphuric acid are heated. It is a dark greenish and 
volatile liquid. The perfluoride is obtained by distilling 
sulphuric acid, permanganate of potash, and fluor spar; 
it is a greenish yellow gas. 

WhU color doe* it give W slaw T How i. min™l fliMifllB™ mmdet 
What are iM pmpertiei 1 Can manauuc add be iMuUtedl How nuj 
ai« chloridei of mauguiese be fbnued t What ue the piopeitiei of &a 
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SALTS OF THE PttOTOXIDE OF MANGAKE8E. 

ProtMulpAate of Manganete, formed by^dissolving pro- 
toxide of manganese in aulphuric acid. The figure Of its 
CTTBialH depends on the temperature at whicb they were 
filmed. They have a roso-colored tint It b insoluble 
in alcohol, Tery soluble in water, and is used by the dyera 
to produce a fine brown color, _ 

There is but one sulphuret of manganese. It ib ob- 
Uined as & hydrate when manganese is precipitsled by 
hydrosulphuret of ammonia (iUinS, HO). It is of a flesh- 
red color. 

mON. Fe = W0O. 

Ikon someumea occurs in a native st&te and as mete- 
oric iron, also as oxide, carbonate, sulphuret, fltc It is 
one of the most abundant of the metals. Much of what 
is found in commerce is derived from clay iron-stone, 
which is an impure carbonate containing silica, alumina, 
magnesia, and other Soreign substances. The nalJTe per- 
oxide of iron, red hsematite ; the hydrated jjeroxide, 
brown hsemodte ; the black oxide, or magnetit! iron ore, 
iumish some of the finer varieties of the metal. 

From clay w(m-»ttme metallic iron is procured by the 
action of carbonaceous matter and lime at a high tempM- 
ature. The ore, having been roasted, is thrown into the 
lumace with coal and lime. If the iron is in the ore as a 
silicate, the lime decomposes it at those high temperatures, 
forming a slag of silicate of lime, and the oxide of iron 
set free is instantly reduced by the carbonaceons matter ; 
the metal stnldiig down, protected by the slag, is let off 
by opening a hole in the bottom of the furnace. 

The substance thus produced is not pure iron ; it con- 
tains carbon and other impurities, and passes under the 
name of cast or pig iron. It is purified by malting and 
sudden cooling, which converts it into _fine metal ; this 
fine metal is tuen melted under expoenre to air, which 
bums off the carbon as carbonic oxide, and the mass, 
fr^m being perfectly fluid, becomes coherent. It ia now 
subjected to violent mechanical action, such as hammer- 
ing or rolling ; this forces out or bnms off the impurities, 

Wlut ii l]ie fbrm&tion uid me i^ the probMulpliUe c^ mmsgaiiMe t 
What Ira Ihe fomu under irfaich iiOD cbied; occnn I Hair ii it obttin. 
•dftmrctay imwranel VThtX iM etat imaf l^r whM pmcsnes if ft 
smmted jmd »Hi«(i1rt innl 
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increvM iia tenacitf , and it beGomes die wrought iron of 



Ca$t Iron melts readily at a bright red heat, and expands 
in Holidi^ng . (»i this depends its valuable application for 
making castinga. Kept under the surface of salt water for 
a length of time, cast iron becomes coaverted into a body 
somewhat like plumbago, due, probably, to the removsl 
of the iron as a chloride ; the carbon which is left behind is 
sometimes observed, as it dries, to become hot : a phenom- 
9non to be accounted for by its porous state. These facta 
have been' frequently verified in die case of cannon which 
have lain for years at the bottom of the aea. There are 
two forma of cast Jron, white and gray ; the former con- 
tains about five per cenL ofcarbon, the latter three or four. 

Pure ^on. may be obtained by decomposing precipitated 
peroxide ofiron by hydrogen gas, and melting the result. 
The metal has a bluish color, is more ductile uian mallea- 
ble, and is the most tenacious of all bodies. It becomes very 
soft at a red heat, and possessea the welding property ; on 
this depends the art of forging it. Its specific gravity is 
7*7. . It is one of the few magnetic bodies, and, when soft, 
its magnetism is so transient that it may eain-and lose that 
quality a thousand times in a minute. The melting point 
of iron is very high. In the mode of preparing it from 
cast iron it does not undergo the process of fusion, hut iu 
particles are simply welded together. The fibrous struc- 
ture which wrought iron possesses is the chief cause of its 
great tenacity; a wire j'^th of an inch in diameter will 
bear a weight of 60 pounds. 

Steel, which is a valuable preparation of iron, is made 
by placing alternate strata ofiron bars and charcoal pow- 
der in a close box and keeping them red hot. The pro- 
cess is known by the name of cementation. The iron 
gains about 1'5 per cenL of carbon. Steel is much more 
nisible than iron, and becomes excessively hard and brit- 
tle by being brought to a red heat and then suddenly 
quenched in cold water. When allowed to cool slowly, it 
is quite soft, and various degrees of elasticity and hard- 
ness luoy be given to it by the process of tempering. 

By pl»;ing a piece of platina in nitric acid of a specific 

Whit ore tfi« pinpeitiei of caaC imal What cliBiijsa doM itvndargo 
onder water 1 Haw nuyinire Iiob be Dbttiued ? WhRt are id pKniet- 
tiei 1 What i* Macl t How u it nude, and what are its piopertaei 1 
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gravity of 1'34, and then bringing An iron wire in contact 
with it and withdrawing the platina, the iron Manmei & 
passive or allotropic state. It now exhibit* no tendency 
to unite with oxygen, cannot precipitate copper from it» 
■oktiona, and rimulateft the properties of pUtina and gold. 



LECTURE LSI. 
Irok ! — Oxide* of. — Three Oxidt* and Ferric Acid. — Tetl$ 
for Iron. — Salu of the Protoxide and Peroxide. — T*< 
SuiphureU. — Nickel.— /(» Reduction from the Oxalate. 
— Cobalt. — Smalt. — Zaffre. — Sympathetic Ltk. — 
Zinc. — DitfillatuM of.— Salu of the Protoxide. 

IRON AND OZYGEM. 

Ikon bums with rapidity in oxygen gas, as may be 
1^. Ml. proved by igniting a piece of it in wire coiled 
- --'■o a spiral form in a jarof that gas (Fig. 263), 
len it will be found to take fire end burn beaq- 
I tifiil\y. In atmospheric air, under favorable cir- 
cumstances, the combustibility of this metal may 
L be proved. Thus, fine iron filings, sprinkled in 
the flame of a spirit lamp, bum with suntilla- 
tione ; exposed to air and moisture, it slowly 
Iron yields four oxides : 

Protoxide .... FeO = 38013. 
Btack oxide . . . J^,0. = 118039. 
Feroxidb .... J%,0, = BO-OSV. 
Fenic add .... FeO, = WOSB. 

Protoxide of Iron. FeO=36-013. 
This oxide has not yet been insulated, but it exists, 
united with acids, in an extensive series of salts, from 
which it is thrown down as a hydrate by alkalies, and is 
then of a while color, which darkens as it passes info die 
state of peroxide. Eerrocyanide of potassium gives a 
white precipitate, and the ferridcyanide a deep blue. Hy- 
drosulphuret of ammonia gives a black sulphuret of iron, 
Sulphureted hydrogen and gallic acid give no precipitate. 

How Duy the rapid onduiou et 

jidoH ihnmeHl viBldt What 

le fqrrJrf™ witti te«M f 
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Black Oxidt of iTvn. F^O,=116-052. 

Thia oxide, known also aa tbe magnet or loa^t^ne, i> 
feund as a mineraL It is a compound of the protoxide 
and peroxide. The scales of iron found in blacksmiths' 
forges mdnly coneist of iL It may also be produced by 
decomposing the vapor of water by metallic iron in a red- 
hot tube. 

Peroxide of Iroji, Fe,O,=80-039, 
ia found in nature as oligist iron, or as a hydrate. It may 
be produced artificially ag a hydrate by precipitation iVom 
a solution of pei'Bulpbate of iron by a caustic or carbona- 
ted alkali, or in a pure state by igniting green vitriol; 
there is then left a red powder, known as rouge, used for 
polishing metals. This oxide is not magnetic ; it ia the 
basis of a series of salts which yield, with alkalies, a brawn 
hydrated peroxide; with ferrocyanide of potassium, Prua- 
uan blue ; with sulpbocyanide of potassium, a blood-red 
solution ; with tanum and gallic acid, a black.* This last 
is of considerable interest, constituting the basis of ordi- 
nary ink. 

The presence of iron can always be determined by 
passing it into the condition of peroxide, and applying the 
foregomg tests. % 

Ferric Acid, FeO3=S2039, 
is prepared by heating peroxide of iron with four parts of 
nitruie of pol»sh. The result is treated with cold water, 
which yields a red solution of the ferrate of potash. This 
•lowly .decompose* in the cold, uid very rapidly when the 
solution is warm. Tha ferrate of baryta precipitates 
when the potash solution is acted, on by a soluble salt of 
tnryta. It is a permanent body, of a crimson color. 

Among other compounds of iron, the following may be 

Protochioriiioofiron FeCl ■— M". 

. PerehloridB " i!fe,C/, =183-33. 

Protiodide " F" =1S3-ST. 

■ ■ FeS = **-lB. 

. . Fe,S, =10*-3«. 
. . . . ■ , FeS, = W34. 
Under irtiat natoral for^^t Ao bl»ck oxide occnr » HowMyitba 
ibBmBdsrtificiall)-? What sre the natnnlfon™ rfthBBWMuial How 
gxv it be prepsred '- For what pnipMei is it med 1 What » ita MttOT 
SftreMienW' What i. amnxm ink f How m«y d» pr««iTO of inm 
bedeS^I WhM««thepmpertie>offenic»ddt OT the othm oom- 
Daooa«,oienlion«omB ofintereit, _ 
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Of these, the protocUoride is fimnfld by patting hydro- 
cUotic acid aver red'^bot iron. It is wnile, but forms a 
green solution in water. The perchloride, in solution, by 
disBolving peroxide of iron in hydrochloric acid. The 
protiodide, by boiling an excess of iron filings with iodine, 
and evaporating ; it forms, on cooling, a dark gray maa>. 
Its solution absorbs oxygen from the air. The protoaul- 
phuret of iron, which is much used for forming sulphuret- 
ed hydrogen, may be made by heating a mass of iron to 
a white heat, and applying to it roll eulphur, and r»c«iv- 
ing the melted ilobules in a bucket of water. It may 
also be procurod'by igniting iron filinga with sulphur. 
The bisulphuret occurs abundantly as a mineral of a gold- 
en yellow Color, crystallized in cubes or allied fonns^ and 
known as Iron Pyriia, It frequently assuntes the form of 
various organic remains, being one of the common petri- 
fying ageuts, but in this state differs essentially from tbe 
cubic pyrifps, both in color and oxydizability, diese fowil 
remains rapidly decaying under exposure to the air, but 
the otfaer form being unacted on. Besides these, there is 
a sulphuret of iron which is magnetic. 

BALT8 OF THE PROTOXIDE OF lEON. 
^ Carbonate of Iron may be obtained from the sulphate 
^ an alkaline carbonate, falling as a whitish precipitate. 
It turns brown, bowever, from the absorption of oxygen. 
It occurs as a mineral in spathic iron, and dissolves in 
water containing carbonic acid, forming chalybeate watm*. 
PrototiilphaU of Iron — Coppertu — Great Vitriol — ia 
prepared largely by the oxyaadon of icon- pyrites, and 
crystallizes in oblique prtsms of a grass green color. It 
has a styptic taste, dissolves in twice its weight of cold, 
and three fourths its weight of bmling water. It contains 
five atoms of water. At a low red heat it becomes anhy- 
drous. In this state it is used for die manufacture of the 
Nordbausen sulphuric acid. 

SALTS OF THE PEROXIDE OF IRON. 

'Bertidp'Kaie of Iron may be formed by adding to a so- 
lution of^the protosulphate of iron half an equivalent of 
sulphuric acid, and peroxydizing by nitric acid. With 
water it forms a red solution. 

'WliBt !• inn pyritsi ? Whit ia the difference of iti fbrmi 1 Bow ia 
tliH clubcmue lA aaa fbnoed t ^What ii (be proceii for preparing die nj- 
phata t How ia tiie pninlphate olitaiBed T 
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NICKEL. Ni = iS-S. 

NicKKi, may be obtained by igoitin'g ita oxalate in a cov- 
ered crucible, carbonic acid escaping, and die metal being 
reduced. 

iWO+ C,0, ... = ... Ni+2(CO,) ; 
one atom of the oxalate of nickel yielding one of the met- 
al and two of Carbonic -acid gas. 

Nickel is a wfaite metal, requiring a high temperaturi 
for fusion. Jtis magnetic, and haa a specific gravity of 
8'5, It is commonly associated with iron in meteorite 
and enters into the compoeition of German silver ; unite* 
wkh oxygen, forming a protoxide and aesquioxidi, th« 
fcrmei- yielding salts of a green color; the latter is an in 
different body, 

salts' OP THH PEOTOXIDB OP HICRBL. 

Sulphate of Nickel ciystallizee from its solutions witk 
six atoms rf water in slender green prisms, which, whei> 
exposed to the sun, change inui an aggregate of octabe 
drons, becoming opaque. 

Nickel is chiefly used in the preparation of (German 
silver, an alloy of copper, zinc, and nickel. It is of a 
white color, takes a good polish, and ia malleable. 

COBALT. Co = »-5, . _ 

is generally associated vrith iron and nickel, and wii^ 
them occurs in meteoric iron. Like the preceding metal, 
it may be obtained by igniting its oxalate in a covered 
onicible, carbonic acid being disengaged and metalJie 
cojralt lefl. It is a pinkish white metal, requiring a high 
temperature for'fiision. Its specific gravity is 7*8, li is 
magnetic, as recent experiments have proved. It fomia' 
a protoxide and a sesqaioxide, the former being thq. basis 
of a clasH of salts which are chiefly^ of a pink or blue col- 
or. Smalt is a silicate of cobalt, and Zaffre an impuro 
oxide; the former is used to communicate to paper alaitti 
blue tinge, and the blue color which the oxide gives to 
glass is taken advantage of in coloring the contmon vari- 
eties of earthen-ware. Cobalt is easily detected upon this 
principle. 

irwilliinHi? Wlutcbmnn 

-DHjthtl How ii coh-' 

« iDwIC? What ii 
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The chloride of Cobalt nay be made by diBBolving the 
oxide or Che metal in hydrochloric acid. It is a pink 
Boluti<Mi, which turns bine when dried. It forms a beau- 
tiful $yittpiiihetie ink, for letters written with it, especially 
on paper which has a pinkish tinge, are entirely invisible, 
btit become of a bright blue color when the paper is 
w&nned, the letters again &diDg as they become cool and 
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ZDTC. Zn = 



Zinc is^Aery abundant metal, immense i 
it o^urridn\an the state of New Jersey and in various 
fte IH. ofter places. From sine blende, which is a sul- 
, _ p^&et, converted by roasting into an oude, or 

r^pa^l from the carbonate brought into the same state 
Im ■■ by ignition, the metal may be obtained by the 
^1 ^B process of 'distillation by descent. The ox- 
H^V ide, mixed with charcoal, is introduced into a 
WW OTucible which has an iron tube paaaing through 
II a hole in its bottom, as seen in Fig. 864, and . 
11 the lid being luted on, the temperature is raised 
^ to a white heat, and the zinc, distilling over, 
m^ be condensed in water. 
^ Zinc is a bluish- white metal, which nfelts at about 770^ 
^i"., and, if exposed at a bright red heat to the air, takes 
fire and bums with a brilliant pale green flame. Its spe- 
cific gravity is about 7-00. At common tempantures it is 
brittle, bat it may be rolled into thin sheets at about 300° 
F., and then retains its malleability n^en cold. During 
its combustion there ^nses from it a ^reat qnandty tx 
flocculent oxide, which formerly went under the name 
of ■nihil album, or philosopher's wool. Among the com- 
pounds of zinc may be mentioned 

FrotDxida ^lioo ZnO =40^13. 

Chlorida " ZnCl^Sr 75. 

Solphurel " 2aiS=4B-4. 

Of these, the oxide is formed, as has been said, during 
the combustion of zinc. It is also precipitated as a white 
hydrate from its soluble salts by potash or soda, soluble 
in excess of the precipitant. The chloride may be made 
by the action of hydrochloric acid on metallic sine. ' It it 

'What prnpMty doei tfas chkcide ponaw I Bf (that pmca— is linc ob- 
MissdT Iidiere nir oiBmactkia betwnu iM fliucilin' tnd tanpomtara 1 
Dunns combnMinmrlutuiMaeoni it f- Hownwr » b« dMvtadf 
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UMdmthsnrtiferscriderin^ undOTthe name of butter of 
nne. Tbewlpburetocenra aa a mineral under the name 
(tfiwc blende. 

SALTS OF THE PHOTOXIDB OP ZDfC. 

St^pkati of Zinc— While Vitriol. — This salt is formed 
in the procesB for procuring hydrogen gas by the action 
of dilute sulphuric acid on zinc. It crystallizes in color- 
leas prisms with sis atoms of water, and is soluble in two 
and s half parts- of cold water. It has a styptic taste, 
and reddens vegetable blues, Tbere are three differetit 
subsulphates of this oxide. 

Silicate qfZiitc, the electric calamine of mineralogists ; 
remarkable for becoming electric when heated. 



LECTURE LXIL 
Cadmivk.— Source* of. — lu Volatility. — Tiw.— B&ci and 
Grain. — It* Properliei. — Protoxide and Stamiic Acid^— 
Chloridet of Tin. — Mosaic Gold. — It* Utet. — Chbo- 
MIUM, — ChromirOn. — Green Oxide and its Viei. — 
Chromic Add. — Sallt 0/ the Sesquiotcide. — Salti of 
Chromic Acid. — Other Metali. — Titanium, 

CADHIUU. Ci = 55-B. 

Cashicm usually occurs assodated with zinc a« a car- 
bonate. In the preparation of ^at metal by distillatioD, 
as has been described, the cadmium first comes over. 
From any impurity of zinc it may be separated by pre- 
cipitation from on acid solution by sulphureted hydrogen, 
which throws the cadmium down as a yellow powder, 
out does not act on the zinc. The sulphuret of cadmium 
is then dissolved in nitric acid, the oxide precipitated by 
potash, and, when dry, reduced by charcoal. The com- 
pounds of cadmium are not important. The metal itself 
IS very volatile. 

TIN. Sb==67-9. 

Tin occurs as an oxide in England, Mexico, Germany, 
and the East Indies. It may be reduced by the action 
of charcoal at a high temperature. It is fonnd in cotn- 
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meiKO under two fonns, block do and gnin tin. If a box 
of till is heated, the purer puts, beuig tbe more fiiaible, 
ooze out of it, coiiBtituting giam bo, and the ^nissa which 
ia led; behind is block tin. 

Tin ia a white metal like eilTer. It ozydizea in the air 
■uperficially, the action ceasing as soon as a thin crust is 
fiirmed. At a red heat it oxydizes rapidly, formiuK ptUy 
potoder, used for polishing metals. It is very ntajleable, 
and may be rolled into thin foil. When bent backward 
and forward it emits a crackling sound. It ia very soft ; 
ita specific gravity 7*3. It melts at 442°, and buma when 
raised to a lugh temperature in the air. Some of ita com- 
pounds are 

Proteatderflin SnO = es-»l3. 

B»qtiiOTids 3n,0, — IXfOa 

Penndda SnOt = T3-BM 

Protochlorido SnCl = B3-3T. 

~ -- -- S»Ci, =ia8.T«. 

S»S = 74- 

. . . . , SnS. = 90-1. 

The protoxide may be made by^recipitation from the 
protochloride by carlxnate of potash. It b to be washed 
with warm water, and ita water finally driven off in a cur- 
rent of carbonic acid gas ai a red beat. It is of a black 
color, is easily set on nre in atmospheric air, passing into 
tbe condition of peroxide.' Its salts reduce the noble 
. metals to the metaJltc state, when added to their solutions, 
■ " and yield with the chloride of gold the Pur^eofCattita, 
The peroxide, called also stannic acid, from exhibiting 
weak acid properties, may be made by the action of ni- 
tric acid on tin. It is a hydrate in the form of a white 
powder, insoluble in acids and water; but if obtained by 
precipitation irom perehloride of tin, it is soluble both in 
acids and alkalies. Melted with glass, it fonna a white 
enameL 

The protochloride may he made by dissolving tin in 
warm hydrochknic acid. The solution, when conceatr*- 
ted, depoMts cr^tals of tbe bydrated protochloride. These 
are decomposed when heated. Tbe anhydrouBprotocldD- 
ride may be bad by paaaing hydrochloric acid gaa over 
metallic tin at a red heat. The perehloride ia procured 

Wliat ire block and grtin tm 1 WhatiretlieDrDpartieiaf tioT 'When 
K bu cf tin IB l>eDt backward and Ibrwaid, what phencuneDOO Ariitti T 
How li the piotozide made, and how do iU niti act on thoae of At oMt 
metali ? How ia itaanio acid prepared t What duel it jield with glut I 



DigniodD, Google 



OHIOMIUM. 285 

hy diBtUlmg ei^t ports of tin with twenty-fotir of corro- 
sive sublimate. It is a smoking flaid, and was formerly 
called the JFtimiJtg Liqitor of Liiavitu. A aolutioD trf 
this substance, mueli nsed in dyeing, is made by diMolving 
' tui in nitromnriatic aoid, or by warming a solution of the 
protochloride with a little nitric acid. 

Of the sulpburels, tbe first may be formed by pouring 
meked tin on Hulplnir, and igniting the powdered result 
with more aulpbur in a crucible. It is a- bluish gray com- 
pound. The peimilphuret is obtained when two parts of 
peroxide of tin, two of snlphnr, and one of sal ammoniac 
are ignked in a retort. It is a body of a golden yellow 
color, formerly called Attmm Munvum, or Mosaic gold,, 
in small scales of a greasy feel, and is used for exciting 
electrical machines, being much more energetic than the 
common amalgam, thougb less durable in its power. 

Tin Airniehes sereral ralaable metallic combina^ona ; 
7V» Plate is f^eet iron superficially alloyed with it. 
The toft tolden are alloys of lead and tin. Pewter is an 
alloy with andmony, 

CHROinUM. Cr=». 

Chbohidh occurs abundantly near Baltimore alVtbe 
cbromate of iron (Cftrorae £wi), mors rarely as die red chro- 
mate ot lead. Tbe metal may be obtained hy the action 
of charcoal on tbe oxide, at a high temperature, and is of 
a yellowish- white color. It takes its name from its tend- 
ency to produce highly colored compounds. It is very 
infusible, and has a specific gravity of about 6'00. Its con^ 
pounds, J» be here described, are 

eeiqoioxida of ohiDminm .... Cr,0,= BO'OSB. 
CbxHoio >cid .... CrO, ?= fiS-OSV. 

Seaqoichlaridg of ohnuniain . . CriO, ^1S3'!!6. 

The tetqwiaeide may be prepared by heating the chro- 
mate of mercury to redness in a crucible. The mercuiy 
is driven ofi*, and the chromic acid paitially deoxydized, 
leaving a beautifiil grass-green powder, the sesquioxide. 
It may also be obtained by heating the bichromate of pot^ 
ash red hot, and washing the residue in water ; also as a 
hydrate, by bwling a solution of bichromate of potash with 

What u tha fuming liqnor of Iiibavina? How it dumuc gold made, 
■nd TrliBt ia it< lue 1 WhU aUajv doea tin fOnnibT Under viiM linnu 
doeadiromiDm occnr in natnrel Haw ig iu aesqiiiozlde prepired, and 
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muriatic acid, and adding alcohol ; Ae mixture becomaa 
of a green color, and ammonia ^i»cipitat«s tfae h]fdrated 
sesquioxide. It is a weak base, yielding a class oi* aaks 
ofa blue or green color. In the Btate of hydrate it is sol- 
uble in acids ; but, on making it red hot, it suddenly be- 
comes incandeBcent, passes into another allotropic state, 
and ia now insoluble. Thk sesqiiioxide is iBomorpbons 
with the aesquioxidea o£iron and a\umina. In its two al- 
lotropic states, it yields correspooding daases cf salts, on* 
of which is green, and the otter reddish groMi. It is uwd 
for communicating & green color to porcelain. 

Chromic Acid may be made by adding one Toituao of a 
Batorated solution of bichromate of potash to one and a 
half of oil of vitriol. On cooling, red crystals of chromio 
acid are deposited. It is isomorphoua with sulphuric acid, 
IS yellow and red salts, ia a powertiil 
iecomposed by a red beat into the sea- 
ihe color of indigo and 'Other dyes, 
id by j»^ucing with the salts of lead, 
by its ready passage, under die influ- 
; agents, into the sesquioxide. 
le is procured when chlorine is passed 
he sesquioxide and charcoal in a red- 
hot tube. It is a lilac-colored body, which forms a green 
solution in water. There is also an oxychloride, which 
may be distilled as a deep-red liquid from a mixture o! 
chromate of potash, common salt, and oil of vitrioL The 
fluoride, which is a red gas, is obtained by distilling'in a 
siiver-T^tort a mixture of chromate of lead, fluor spar, and 
oil of vitriol. It is decomposed by the moisture of the air, 
forming chromic and hy^roQuoric acids. 

BALT8 OF THE BKSaUIOXlDE OP CHROMTOM. 

Stdphale of Chromium and Potath — Chrome jJ7»«».— 
When tlie oxide of chromium is dissolved in sulphurie 
acid and mixed with the sulphate of potBsb and a little 
free sulphuric acid, crystals of chrome alum are deposit- 
ed in red or blue octahedrons. The sulphate of chromium 
alone does not crystallize. 

Chrome Iron, a compound of the sesquioxide of chro- 
mium and the protoxide of iron, is found native, crystal- 
How U chnjmic acid made f Doea it posMS) blsactnne puwen T Hov 
■re the dikiride and fluoride obtained 7 Wbat i> tbe trrm of ttie lUtcr 
body t VfhaX ia chnme olum ; 
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nze4 it) Octftbedrona, and also massire. It fiimubes moM 
of tbe compomids of chromintn. ~ 

, BAXTa OF CHROMIC ACID. 

C&romaU t^Fotatk toay be made liy igniting chrome iron 
with one fifth iu wiiiglit of nitrate c^ potasli. It crystal- 
Uzea in~ amall, lemon-yellow prisms, and is very soluble 
in hot v^^r- f be crystals are anhydrous. 

BicKromaie of Potash may be prepared from tho for- 
naer by adding an equivalent of acetic acid : it cryetal- 
lizea in prismA of a ruby red. Large (jnantities are con- 
sumed by dyers. 

Ckromate ^ Lead — Chrome YelUne, obtained by pre- 
cipitation from either of the forgoing salts by a soluble 
swc of lead. It ia used as a paint 

DicAromale of Lead is formed by adding chromata of 
lead to melted nitrate of potash, and dissolving ont the 
chromate of potash and excess of nitre by water. It is of 
a beautifiil red color. 

The following metals, Vamadidh, Tungsten, ^oltb- 
niNUM, O^MiDM, and Colc^biuu, are not applied to any 
purposes )Q the arts, or are so rare aa not to be of general 
interest. Tit avium might be included in the same obser- 
vation ; it is, however, deserving of remark a# being a red 
metal like copper, and titanic acid, one of its oxygen com- 
pounds, is used ui the coloring of artificial teeth. 



LECTURE LXIIL 

lo—Prepftraiioi* of the Metal.— PrvperOa ofAx' 
ttauout Acid. — 2W Varietiu of it. — Two method* ^ 
detecting it. — Proceea w» Caeee ^Poiioning. — Sidphur- 
eUdBgdrogeti Teat.—Marth'* Tat. — The Copper TetC. 
-^D^cultiea aritHigJrom Antimony. 

ABBENIC. Atis3n. 

Arsenic is obtained by sublimation in a current of air 
(£tbe arssniureC of cobalt and iion, the vapor condensing 
aea^ite oxide. ThiBbeingmixedwithpowderedchar- 

Wlist is file cniutiCntion of the two chnmutsi of potuhl Wlmt i* 
ctatomc yellow T wiiat is Cta« color of lituiiiuii I From what fabKBtwes, 
■ad Id i^'hBt manner, ii mreeniotu acul srapind t 
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ftg.tK. coal, or black flnx, end heated, the metallic tmw- 
• nic fiublimeB. The procflsa may be^conductad ia 
M a tall vial imbedded m a. crucible filled wiA sand, 
MM two tfairda of the vial projecting above the heated 
1 '■ Band. On this cooler portion the metal condenssH. 
■• It is aUo sometimes found in a native Btat«. 
Arsenic is a metallic body, of an aspect darker than east 
iron; itis very brittle,, its specific gravity is 5-88, and, when 
slowly sublimed, it crystallizea in rhombohedrana. At 
356*^ F. it aublimes without undergoing Amon, its melting 
point being much higher than that of sublimation. Ita va- 
por baa a smell of f^ilic, as may be readily recognized hy 
throwing a little arsenioua acid on a ced-botcoal. Arse- 
nic pr^ared by black fliik tarnishes, it ia aaid, from con- 
taining' Mctle potaasium. Among its compounds, the fol- 
lowing may be mentioned ; 

Aneniou Uiil ■<<>iO'i = 99-431. 



PiDtDnJpbDFet otanenic 
SeRqaiinlpbbret of aneid 
' — '~~"'!d hydrogen 



tf-:'i 



Arteniom Acid is formed when araenlc is sublimed in 
atmoapheric air. It .is a white aubstance, which, ^len 
the jn'ocesB ia conducted slowly, crystallizes in octahe- 
drona. Similar octahedral cryatala may be obtained hy 
heating arseniotis acid itself in a tube to 380' F. When 
the operation has been recently performed and & large 
mass sublimed, it is a glassy, transparent body, which m 
the course of time slowly becomes milk-white. The spe- 
cific gravity of araenioua acid is 3'7, It is nearly taste- 
less, of sparing soluhUity in water, the two variedes dif- 
fering in this respect. By 100 parts of water, 11*5 of the 
opaque, but only 0-7 of the tranaparent, are dissolved. 
This Bubslance paases currently under the name of arse- 
nic It ought not to be forgotten that the areenic of chem- 
ical writers and that of commerce are very different bod- 
ies : the one is black and the other white ; the one is a 
metal and the other its oxide. 

Arsenioua acid may be detected by several methods. 

Row i) the metal obtuned from it T What are ita prop«tiea 1 What 
b the odor oT it! Tipor? Wta; cut not it be.meltedT From the mettil. 



ba procured ? What cbttige doei the Eluiy 
]f ^eiB rarietiea, wliich ii nvHt ioIdUb ui waK 
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1st. Wi& nnmonia snlphata of oopper, it givea tat 
emerald green precipitate^ tLe aisemte of copper, or 
' Scheele's green. 

Sd, With the ammonia nitrate of silver, a canary yol- 
low precipitate ; the araenite of silver. 

3d. With Bulphureted hydrogen, a solution, previoDsly 
acidulated with acetic or muriatic acid, yields a yellow pse- 
cipitate, the aesquiaulphuret of arsenic, orpimenL This, 
when dried and ignited with black flax (a mixture of 
charcoal and carbonate of potash, obtained by ignitiDg 
cream of tarrar in a covered cracible), yields s uiblimtte' 
(tf metallic arsenic. 

4th. With the materials for generadng hydrogen gas; 
that is, sulphuric acid, zin6, and water, placed in a bottle ; 
if arsenions acid be present, srseniureted hydrogen is dis> 
engaged. When set on fire, it bums with a pale blue 
flame, emitting a'white smoke ; and if a piece of cold glass 
be held in the fi&me, there is deposited upon it a black 
spot of arsenic, surrounded by a White border of arsen- 
iSus acid. This stain is volatilized on he^ng the glass. 
Or if the arseniureted hydrogen be conducted diroiuh ft 
tiibe of Bohemian glass, made red hot at one point Qy ft 
spirit lamp, it is decomposed, and metallic arsenic depos- . 
ited on the cooler portions beyond the ignited roace. 

fith. Tf a solution containing arsenious acid be acidn- 
lated f^th hydrochloric acid, and boiled widi slips o£cap- 
per, the metallic aisenic is deposited upon die copper a> 
an iron gray crust. 

In cases of poisoning by this substance, it is unsatisfac- 
tory to apply, m tiie first instance, color-giving testa, sudi 
as the first, second, and third; as the liquid obtained &om 
the stomach is itself highly colored atad turbid. It is, 
therefore, desirable to examme that oi^an and its contents 
minutely, endeavoring to discover any white granules, or 
speclts, which may be supposed to be arsenious aoid, and 
if such are fijund, to examme diem Separately. 

The contents of the stomach, the larger pieces havinr 
been divided, are to be bdled in water, and strained 
tluvugb a linen clotfa. A currem of chlorine gae passed 



WliU U Ae praceiB fbr deUKtiDgitbj RMtalareted bvdngMil 
tbatbvoapperl IncBtMofpninniaf, wbycanDotookittaniba 
How d (he Uqotd obtained bom the itooiMh lo b« cUrifisd ? 
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throngfa tiiu liquid coagulatea and separates much of tbe 
anini^ matter; or, wbat ia more convenient, if the solu- 
tion be first acidulated with nitric acid, and then nitrate 
ofailTer be added, much of the animal matter maybe re- 
moved. By tbe addition of a solution of common salt, the 
excess of the ailver salt may be precifjitated, and the 
liquor being filtered, is then fit for the third or fourth of 
the fbregoing tests. 

In the application of sulpbureted hydrogen, the liquor 

having been cWified as just stated, the gas. is passed 

thtmi^ it until it smells strongly. It is then to be boiled 

for a short time, to expel die excess of gas, and filtered. 

The ydlow prei^itate of sesquisulphuret of arsenic, or 

■ orpimtmt, which u collected, is to be thoroughly dried, 

and introduced, with twice its bulk of black flux, into the 

Fig. M«. bulb, a, of a tube, such as i%. 266, made of 

j^ hard.glasfl. On ^e temperature being niis- 

.j'^^ ed by a lamp, metallic arsenic subEmes, 

«„^S^^ forming an iron black ring round the part, 

^pf h. By cutting off the bulb of the tube and 

beating tbe black crust gradually, it slowly sublimes to- 

ward the colder part, producing a white deposit of ar- 

eeniouB acid in octahedral crystals. 

In the applicatiioii of ManKi tett, the liquor, having 
been cleared eitiier by chlorine or by nitrate of silver, as 
above described, is to be introduced into a botlle con- 
taining dilute sulphuric acid and zinc, a tube, bent as 
' Fig.xr. represented in Fig. 267, a, passing lat- 

yS^ /isyb orally from the cork; aiaemureted by. 
>jC ^jI7^ drogen now passes otf, and may be sec 
JV on fire as it escapes Ihnn the end of the 

HH tube, and examined by holding in the 

^V flame a piece of cold glass, b. If no spot 

be produced, dien the tube, which for this reason should 
be made of a hard glass not containing lead, is to be ignit- 
ed by a spirit lamp at the point c, and the gas will de- 
posit its arsenic a httle beyond that point. In this man- 
ner, the tube being kept red hot for hours, the smallest 
quantity of arsenic may be discovered. 

If the liqnor, notwithstanding the care taken to clear it, 

Deiaibe tha tsrt by nilpbDreted I^dnigen. Saieriba Hmh'i tML 
How DiHj ■ nniU qouiUty ot meMl tra leptrUed fmm i luge oauitiw at 
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frotfifl when die liyilrogen is disengaged, m> as to inter- 
fere witb the results by choking the tube, the gas is best 
collecteai under a jar at the pneumatic trough, and may be 
iubsequently examined. 

The fiiUi test, hj copper, may be eomedmes adTanta- 
geonsly applied to coUect the arsenic from solutions ; the 
crnat upon die copper may be subsequently examined, ei- : 
ther by aablimation or othenrise. 

It is to be remembered that antimony will yield results 
closely resembling those of arsenic by Manh'a test; but 
on headng the glass plate on which the stain has been de- 
posiied, if it be arsenic, it will totally volatilize away; but, 
if antimony, though die flame of a blow-pipe be dirown 
upon it, it will not disappear, but only gives rise to a jtA- 
low oxide, which turns white on cooling. 

In medico-leg^ investigatioDB, it should also be re- 
membered that, as sulphuric acid and zinc of commerce 
sometimes contain atsemc, it is absolutely necessary that 
the specimens about to be used be critically exunioed 
themselves by being tried altme before the suspected so- 
lution is added. 



LECTURE LXIV, 
Abssnic. — Antiteptic Qualili/ of ^mhuhu Acid, — AiUt- 
dote far PoUeming. — Artmic Add. — Itmnorphoiu mith 
Photphmic Acid. — Realgar and OrpvmaU. — ATsemMret- 
td HydrogtH, — Amtimont. — Reduetion of. — Oxidet, 
Chloride*, and S^phurett of. — Antimoniitreied Hydro- 
gen. — D^ection of Antimony. — TBLLCRinM. — Uranium. 
— Copper. — Reduction of. — XJie of Oxide. — Detection 
of. — SalU of Protoxide. 

AnsBNiors Acid possesses aremarkable antiseptic qual- 
ity, and bence often preserves the bodies of persons who 
have been poisoned by it. Advantage is also taken of this 
iact by the collectors of objects of natural history in pre- 
serving their specimens. 

-Wba llialiqiiid&Drt*wluit cooiBBiilobapiinoedl WbeDnwydw 
teWofc<mperb«»dv«n(«eiJiiJb«ppliedl WhU aieul clMeW n«mtde* 
menic in Umm TsapecU I WV <■ i' ■>'''"*f° *'*'>''™ ™ ■"'I™"' 
■ddsiia»ii>oeiiipk]y«Hntt»«"«P«i>nen>i' Dom uieiiioiu sdd poc 
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Ttw aactjioCa ibr poisoBiDg by anenic is the hydrated 
Msqaioxida of icon- It may be made by adcUng carboa- 
ate of aoda to die muriate c^ iron. It should be given ia 
tJie moiM Btate, mixed witb water. After being once 
dried, it 1o«m maeb of its power. It producea aa inert 
bMtc ananite of tbe peroxide of iron. 

Ajveme Add is found in nature in union with varioua 
baaes. It may be made by acting on araenious acid with . 
nitiie acid, widi the addition, of a little bydrochloric acid, 
and BTB^rvtiiig till the mOic acid is expelled. The re- 
anUing acid contuuB tiiree atoms of water, uid is isomor- 
phoBB wi^ tribasic pboopboric acid. The araeniateB yields 
widi niDvu of nWer, a dark-red ^ecipitate of the triba' 
ate aiaeniate of nlver. The mtmobaaic tmd iHbesic ftuma 
of the acid are not known. It should not be forgotten in 
medieo-Iegal inquiries respecting arsenic, that the arae- 
tiiata of lime may naturally replace phoepbate of lime ia 
bone earth, and uis acid aubetitutd the phoepb(»io in other 
ports of the system. 

The protosulphuret of aisenic may be obtained by melt- 
ing arsenious acid with sulphur. It occurs aa a mineral 
Realgar, and is & red-colored substance. 

The Besquisulpharet is depouted when a stream of eul- 
phureted hydrogen is passed through a solutioii of arse- 
nious acid. It IS a yellow body, and is used in dyeing;' 
it is also known under the name of Orpimatt. 

Artaiim-eted Hydrogen is prepared by acting on an al- 
loy of zinc and arsenic with dilute sulphuric acid. It is 
a colorless gas, bums with a blue flame, exhales an odor 
like garlic. Its specific gravity is 2*695. It is decom- 

Eoaed by chlorine, iodine, and the arsenic is separated by 
est and by the rays of the sun. 

ANTIMONY. Sb = M-fl. 

.This metal occurs commonly as a sesqaisulphuzet in 
nature, &om which it mn be obtained by heating with 
iron filinga, a sulphuret of^iron tbrming, and metaUlc an- 
timony subsiding to the bottom of the crucible.. It may 
also he obtained by fusing the sulphuret with black flux, 

Whit ii tha intidoM fbr thn poimn 1 Hoir it it prspued T How it 



nemc (cid prepind 1 wbM fact uuea finn dM aa 
■e ■ndpfaonpiKHisuadtf Wlut it railgai' 1 What ii 
B^a»BniDTetedbydRig«obeinidet Fkkb whtt too 
f*~Jt WhttiitbeprooiKtlgritiprepinitka} 
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wliicfa prodacn a snlpbatst <^ potasBium and metallic 
antimoiijr, 

ADdmoDj is a Uae-whka metal, of a very crystallina 
structure, and so brittle that it m»y be ptdTerized. It 
melts at 610'^ F. Ita ^Mci&s grsrity is 6-7. It p<MeH. 
ea, at high tenqtaiataies, an intense affinity for oxygen ;. a 
fragment <tf it the size of a pea being ignU«d on a piece 
of idkarcoal before the blow-pipe, and then sudden^ thrown 
on the table, takes fire, breaking into a multitude of glob- 
ules, and filling the air with fames of the white seaqui- 
oxide. Antimony yields the fcdlowing compoonde : 

. Si,0, =153-S3». 

•^ ifii-36a. 



AutiiivHuc acid .... 
8eBqnichloride of Mtimony 
Peicbbside " 

Sesqniiulphoret " 
pCTBolphnret " 

™phnrel 



Si,Ot = 



fcSOBra, 



The Setquwxide of Antimony may be made by adding 
to an acid boiling solutimi of cfalinnde of antimony car- 
bonate of Hoda. It is a gray powder, aod is the base <it a 
class of salts, among which tartar-emetic may be men- 
tioned. These salts give an orange-colored preeipitue 
with snlphuTQted hydrogen. 

Antim<mimu Acid is prodnced by heating ihe oxide of 
aniimcmy, or EUatimonic acid. It is a white powder, and 
unites with bases, forming antimonites. 

AMtimonie Acid may be prepared by actiag en metallic 
. antimony with nitric acid. 

SeMquithloride of Antimony is made by dissolving -one 
put of Bulphnret of antimony in five of hydrochloric acid, 
und distilling. As soon as ti>e matter which passes over 
beoomes solid, the receiver is to be changed, and, ccmtin- 
ning the heat, the sesquichloride is collected. It was for- 
merly known as butter of antimony. The perchlorido 
may baniade by burning antimony in chlorine gas. "I^ 
oxychloride is produced when the sesquichloride is placed 
in contact with water. It was formerly known as pow- 
der of algaroth. 

The leaquirulpkwret occurs abundantly as a mineral, as 

Wlist an it! ptopetdm 1 Wbit oolor if die prccipiwte ^eUed bj die 
nba of die leaqniaside aid nlpboretsd hydrogwi 1 Hawu uwbaoiiiaiu 
acid prepared T What U dia butter of autiioaii]' 1 "WliM ii die powder 

cfslnrathT What ia the upect of the uitive *«aqiiual]^nret I 

Bb8 
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has been «ud. It ia also formed by tho action of sulpba- 
rateJ bydrogen on the salts of the oxide of antimony. Id 
tbia caae it is of an orange color, in the former it has a 
meMllic aspect. The pertulpAttret ia procured when the 
eesquieulphuret and sulphur are boiled in a solution of 
potaah, the liquor filtered, and on acid added, a yellow 
precipitate gumg down. It was known formerly as tho 
Golden ^tdphwet ofAtUimmy. The oxysulphuret occurs 
native as the red ore of antimony, and may also be made 
by boiling the sesquiaulphuret with a solution of potash. 
On cooling, precipitadon of it takes place. It is stated, 
however, by Berzelius, that this is not a true compound, 
but merely a mechanical mixture of the oxide and sulphn- 
retinirregularproportionB. This prewpitate ia also known 
under the name of Kerme> Mitteral. From the liquor, af- 
ter the kermes is separated, an acid throws down the gold- 
en Bulpkuret of antimony. 

AntitamiareUd Hydrogen. — ^When hydrogen is evolved 
irom a solution containing tartar emetic (tartrate of anti- 
mony and potash), this substance is produced. It is a gas, 
having a superficial resemblance to araeniureted hydro- 
gen, and whep used as in Marsh's apparatus, gives a stain 
un glass resembling that of arsenic. From arsenic it may 
be distinguiahed by not being volatile. 

The soluble salts of uttimony may be distinguisbed by 
^ving an orange precipitate with sulpbureted hydrogen, 
soluble in solphuret of ammonium, but again precipitated 
by an acid. 

Antimony furnishes some valuable alloys : printer's 

type metal, for example, is an alloy of this substance with 

lead. It expands in the act of solidi^ng, and, therefore, 

takes accurate impressiona of the interior of a mould. 

TBLLmilUM. Ti = en. 

Tbllurihu is a rare metal, of a white color, very fusi- 
Me and volatile, having several analogies with selenium, 
and uniting with hydrogen to form tdluretod hydrogen, 
which, wim water, yields a claret-colored solution. 

UBANIUM, ir=aiT, 
b likewise a very rare metal, of the nature of which there 

Wh^ is the HI 
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tre oonsiderablB doubts, it being Biq>poted that wbat was 
furmarlj regsrded as the metal u in reality its protoxide. 
It may be remarked, if these obserrationa are mcorrect, 
that nra&inm has thti highest equivalent of any of the ele- 
mentaiv bodies. It is used to a small exteot to give black 
and yeUoTT colors to porcelain. 

COPPBB. o«=3i-e. 

CoFPZR is often found native, and in certain porta of tbe 
United States in maases of very great magnitude. It also 
occurs as a carbonate and snlphuret. In the latter com- 
bination, it ia found with tbe mlphuret of iron, as yellow 
copper ore. This being roastM, the sulpburet of iron 
changes into oxide, the copper sulpburet remaining un- 
changed. The jnass is then heated with sand, which 
yieli£ a silicate of iron, the sulpburet of copper separa- 
ting. This process is repeated until all the iron is parted ; 
and now the snlphuret of copper begins to change into 
tbe oxide, which is finally decomposed by carbon at a high 
temperUure. 

Copper is a red metal, requiring a high temperature for 
fusion. Its specific gravity is 8*617. It has great tcaac' 
ity, and is ductile and malleable, A polished plate of 
it, heated, exhibits nunbow colon, and is finally coated 
with the black oxide. It is one of tbe best conductors <^ 
heat and electricity. Among its compounds, the follow- 
ing may be mentioned : 

Protoxide of copfm CuO =: 3I>-61S. 

Baboiida " CutO =Tl'^t3. 

Chloride " CmCl =«B1)S. 

Diofaloride " CB|CI«Be-S3. 

Siiulphoret " Cu,S =T>-3a. 

Protoxide of Copper may be made either by i^ting me- 
tallic copper in contact with air, or by calcinmg the ni- 
trate. It is a black substance, not decomposable by beat, 
but yielding oxygen with facility to carbon and hydrogen, 
and hence extensively used in organic analysis. It is a 
base, yielding salts of a blue or green color. The sub- 
oxide, called, also, red oxide, occurs native as ruby cop- 
per. It is a feeble base. The disulphnret also occun 
native, as copper pjrrites. 

Wbkt ia remukabla u nip«ct< '&» illeged atomie weight of ■rudnmt 
Under whMfcrm* don copper oetondljr ooontt Wliat ii the pcoceei fbr 
its reductiaii! WhM tre Iti propettiet T Wliich afinmldes iioiedia 
OTgwuo uuJjniat 
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Htfi SALTS OF VOFPEl. 

Copatr i« est^ detected. Caustic potaat gives, wi»h 
iH protoealt, a pale-blue hydrate, which turnB black on 
boiling. Aminonia, in escesa, yields a beautiful puiple 
K^udon ; feirocyanide of potaawum, a chocolate brow* 
precipitate ; eulpbureted hydrogea, a blaok; and metallic. 
iroD, as the blade of a knife, precipitate* metallic coppw, 

SALTS OF THE PROTOXIDB .OP COPPER. 

CarloMote of Copper.— The neutral carbonate sf cop- 
per is not known ; but there are BOTeral varietioB of &■ 
carbonatea. One, which pasaes under the name of Miner- 
al Green, is formed by precipitating with an alkaline car- 
bonate. It occurs naturally in the form of MaiachiU- 
Blue copper ore is another dicarbonate; the paint called 
Gfeen Verditer has a similar composition. 

SulphateofCoj^—Blne Vitriol— \a prepared for com- 
merce by the osydalion of the sulpburet of copper. It 
crystaUizes in rhomboids of blue color, with four atoms of 
water. It is soluble in four times its weight of cold, and 
twice its weight of hot water. It ia an eschorotic, an as- 
tringent, and has an acid reaction. "With ammonia it forms 
a compound of a splendid blue color, which may be ob- 
tained in crystals; with potash, also, it foi-ms a double 
salt. There are also Biibsulpbates of copper. 

Nitrate of Ct^>er, formed by the action of nitric add on 
metallic copper. It crystallizes in prisms, tx in plates. 
It actB with very great energy on metallic tin. There is 
a subniirate of copper. ' 

Ariemte of Copper — ScAede'e Green — produced by add- 
ing solution of araeaious acid to the solution of ammonia 
sulphate of copper. 

Copper yields several valuable alloys. Brass is an al- 
loy of copper and zinc ; gun metal, bell metal, and spec- 
ulum metal, of copper and tin. The gold and silver of 
currency contain portions of this metal ;■. it communicates 
to them the requisite degree of bardness- 

How BO-Y topper be detscted? Tinder whst IbcmB do liie carbcHiat™ 
of copper occiuT What ere die method of prewratioo and pnqierliei 
oftbeenlphatet Wb>t ii Scheele'i green t what are brw>, gon mMal, 
■adbtilmeialT Wbjr u nlrer and gold caiii»£« alloysdt 
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■ LECTURE LXV. 

SjtAx.—Reiuetioti of GalwM^^ReUitumt t^Ltai to Wa- 
ter.,— The Oxide* ofLead.—J)eUctitm of Ltad^-Btii- 
H UTS>- — S iLTXR. —^Amalgamatiom. — Crj/ttallitati/m^~- 
Ottpellatum.-—Pn^ertia of SUoer.-^Saltt of Silver, 

LEAD. PS = 1(IM. 

Lead occure under various minera] forms, but the most 
valuable one ia galena, a sulpburet. Prom this it is read- 
ily obtained. The galena, by roasung in-a Teverberatory 
furnace, becomes partly coaverted'tuto sulphate of lead ; 
the contents of the (umace are then mixed, the tempera- 
ture raised, and the sulphate and sulphnret produce sul- 
j^urous acid and metallic lead, the action being 
PbO. SO, + P*S. . . = . .. 2SO. + Pi, 

Lead is a toil metal, of a bluish-white color. Its jip«- 
cific gravity is 11-361. It oielts at 612° F., and on the 
flnrjace of the molten mass an oxide (dross) rapidly fomu. 
At eommoD temperatures it soon tarnishes. In the act 
of solidifying it contracts, and hence is not fit for castings. 
It posaaasna, at common temperatures, the welding prop- 
erty ; two IjuUets will cohere if fresh-cut surfaces upon 
tbem sr* hnragbt in contact. Under the conjoint influ- 
ence of air and water lead is corroded, a white crust of 
carbonate fonning. But when there are contained in the 
water small quantities of salts, such as sulphates, diese 
form with the lead insoluble bodies, which, coating its 
surface over, protect it from farther destruction. For 
this reason, lead pipe can be used for distributing water 
in cities without danger. Lead is one of the least tena- 
cious of the metals. The tartrate of lead calcined in a 
tube yields one of the best pyrophori. On bringing it 
into the air at common temperatures, it spontaneously 
ignites. 

Of the compounds of lead, the following are aome of 
the more important : 

Under what find don leid diieSy v 

Why uiiu>tleulben*wi tbrnniiigst 

' (er, udirat«T(»iilsiiiingialMiapi>BitT 
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39S . coMPooNM or lead. 



protcoida of lead 



PbO- : 
Pt,0,: 
FbO, 



i-bUj. = IJIIBVO. 

PbiOt = 34a-B5a. 

PbCl =13BM. 



BHquioxide ' 

Peroxiiifl ' 

Bed oxide ' 

Chlorida ' 
lodida 
Bnlphnret 

The protoxide is made by beating lead in the air ; it is 
a yellow body, which flises at a bright red heat. lu the 
fiiBt Btate it ia called massicot ; in the latter, litharge. It 
yielda a claaa of Balta, being a base. It is sHgbtly soluble 
in water. The peroxide is made from red lead by di- 
gesting it with nitric acid, which dissolves out the protox- 
ide, and leayea the substance as a puce colored powdw. 
The red oxide, or red lead, is made by calcining lead in 
a current of air at 600° or 700° F. It ia used in the 
manuiacture of flint glass. The chloride ia made hjr the 
action of hot hydrochloric acid on protoxide of lead : on 
cooling, it is deposited in crystals. The iodide is formed 
when any soluble iodide ia added to a protoeaJt o£ lead ; 
it ia a beautiful yellow precipitate, soluble in boiling 
water, forming a colorless solution, which, on cooling, de- 
pouts golden crystals. The sulphuret is galena; it crys> 
tallizes in cubes, and has a high metallic lustre. 

Lead is easily detected by sulphureted hydrogen, which 
throws it from its solutions as a deep brown or black pre- 
cipitate, and by the iodide of potassium or chromata of 
potash, which gives with it a yellow precipitate. Sulr 
phuric add yields with its salts a white insoluble' sulphate 
of lead. 

BAITS OF THE PROTOXIDB OF LEAD. 

Carbonate of Lead — WkiU Lead — Cenue. — Thia salt 
forms as a white precipitate when an alkaline carbonate 
ia added to a solution of a salt of lead. Large quantities 
of it are consumed in the arts as white paint. For com- 
merce it ia procured by mixing litharge with water con- 
taining a small proportion of acetate of lead ; carbonic 
add gas is then sent over it, and the carbonate rapidly 
forms. It is also made by exposing metallic lead in 
plates to the action of t^e vapor of vinegar, air, and moist- 
ure, the metal becoming oxydized and carbonated. 

What u DUHicMl Horii It pTeparedl What il HiIuibb T How 
Ii die peroxide prepiredl How Q miahim made! Bow mar laad be 
detsotml t UtoOaa some at tba matiudi bj wfakb white lead 1017 be 
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BUMOTH.— ^ILTBK. 396 

Nitrate of Jjtai m&y be formed hy dtsaolving lidiargo 
in dilute nitric acid ; it crystallizeB in opaqae white octa- 
hedrons, which diaaolve in eeven or eight times their 
wei^t of cold water. They contain no water of crystal- 
lizaticM), and are decomposed at a red heat, as stated in 
the description of nitrous acid. By the action of ammo- 
nia, three other nitrates of lead may be obtained. 

Amon^ the alloys of lead are the soft solders. Two 
parts of lead and one of tin constitute plumber's solder ; 
one of lead and two of tin, fine solder. 
■ BISUUTH. Bi=7lin. 

BisHUTH is found both native and ae a onlphurst. It is 
of a reddish color, melts at 497°, and may be obtained in 
beautiful cubic crystals by cooling a quantity of it undl 
solidification commences, then breaking the surl&ca crust 
and pouring out the fluid portion. 

When bismuth is diMolved in nitric acid, and the solu- 
tion poured into water, the white subnitrate is deposited, 
once used as a cosmetic ; when this is washed, and sub- 
sequently' heated, the protoxide is left. Th«:e is alao a 
peroxide. 

Fusible metal is an alloy of eight paTts of bismuth, fivs 
of lead, and three of tin ; it melts below the boiling point 
of water, and may be obtained in crystals. 

eiLVBH, Jg = lQS-3J. 

SiLTXB is found native, and as a sulphuret and a chlo- 
ride, occurring, also, with a variet y of other metals, and 
in small proportion with g^ena. When disseminated as 
a metal trough ores, it may be collected &om them I7 
amalgamation with quicksilver, aiid, on distilling, the 
quicksilver is driven 0$ 

When it is obtained from die sulphuret, that ore is 
roasted with common salt, which changes it into a chlo- 
ride. . This, with the impurities with which it may be 
associated, is put into barrels, which revolve on an axis, 
along with vrater, pieces of iron, and metallic mercury ; 
the iron reduces the chloride to the metallic state, and 
the silver amalgamates vrith the mercury. This is washed 
from the impurities, strained through a bag to separate 

What cbanse do«a ftie nitnte nuderga M a red beat 1 Of wtut are ttaa 

" Tinpo»BiiI WhalBTBlhepropenJBiofhiMnnthT Wh«t 

Uiider whBt tonaa doe* ulrer oommonl/ oconr 1 Bmr 
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8M CKTBTALUZATIOK.— CDPSI-I^TIOI). 

the exc«« of mercury, and tbe residue ia driven off by 
^tillation. 

The extraction of silver, wten it occura in small quan- 
tity with lead, has been recendy much .improved by the 
iatroductjon of the process of cr^tallizatioa. It depends 
upon the fact that an alloy of lead and silver is more fusi 
Ue than lead. A large quantity of argentiferous lead is 
melted and allovred to cool. As the setting goes on, the 
first portions which solidify are pure lead ; they may be 
removed by iron colanders, and by continuing the process 
there la finally left a portion containing all the silver. 
This b exposed to a red heat, and a stream of air direct- 
ed over it; oxydation of the lead ttAea place, and the 
litharge is removed by the blast, the process being finally 
completed 'by cupeltation. 

A cupel is a shallow dish made of hone ashes, and is 
Tery porous. In this, if an alloy of lead and silver be heat- 
ed with access of air, the lead oxjdizes, and, melting into 
■ glass, soaks into the cupel, or may be driven from the 
surface by a blast of air directed from a bellows. At the 
■ same time, any copper or other base metal oxydizes and 
is removed along ivith the lead. The completion of the 
process is indicated by the silver assuming a certain brill- 
Uncy, or flashing, as the workmen term it. 

Silver is a white metal capable of receiving a brilliant 
polish. It is malleable and ductile, an excellent conduct- 
ot of heat and electridty. Its specific gravity is 10*3. It 
melts at 1873° F., and when melted absorbs atarge quan- 
tity of oxygen, giving it out again as sooii as it solidifies, 
Kod assuming a frosted or porous appearance. The pres- 
ence of a minu^ quantity of copper prevents this eneet. 
Silver is so soft ikat, for making-^late or coins, it requires 
to be alloyed wiui a portion of copper j from this it may 
be purified hy dissolving it in nitric acid, and precipitating 
the silver as chloride by a solution of common salt. Sil- 
ver shows little disposition to unite with oxygen, though 
it tarnishes readily ny the action of sulphareted hydrogen. 
It yields three oxides, but of its compounds the following 
are the most important : 

Wlittia tha pmccM of rnna^mstinri T WliatuQiapnic«waf «i7*tat- 
liiBtiaD ) Wbu ii the Dmoeiu ot capeUitiaii t Wlut an the pnipertis* 
^■ilrar 7 Why doei it frequently reqnire to Le allDTeil with ct^per I 
wbBt renuAable reluiaB doei it pOMeu lo m^gen I 
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COHFOSIfW OF SILVER. 



Iodide " .... Agl = 334-18. 

Snlphimt " .... AgS = liM-43. 

The protoxide may be made by tbe action of caustic 
potash on a solution of nitrate oi silver, or by bailing rv- 
cently-prepared chloride in potash. It is a dark powder, 
which tnay be reduced by beat alone. The chloride is 
sometimes found native, as hom-silTer, and m^ be ma^e 
by precipitation irom the nitrate by hydrochloric acid, 
or a soluble chloride. Like the iodidef it turns dark on 
exposure to the indigo rays, and hence is nsod in photo- 
genic drawing. The aulphuret is produced whenever sul- 
. phureted hydrogen acts on oxide of silver, or even metal- 
lic silver ; it is a block CompouQd. 

Silver is easily detected by precipitation as a chloride ; 
a curdy, white precipitate, insoluble in water, but soluble 
in ammonia. It turns dark on exposure to the sun. 
SALTS OS THS FOOTOKIDS Off BIL7EB. 

Nitrate i^ Silver — Lunar Catutio — procured by dissolv- 
ing silver in nitric acid,diluted with tnice its weight of wa- * 
ter. It crystallizes in tables which are not deliquescent and 
Oontain no water of crystallization. It enters into fusion 
at 426° F., but at higher teraperotares undergoes decom* 
position. It is frequently cast into small sticks and used by 
eurz'eons as a cautery. It is soluble in its own weight of 
cola and half its weight of iu>t. water, and, when in contact 
with organic matter, turns black in the rays of the sun. 

AmTitokiuretofSilDer — BertholUt'aF^minating Silver — 
is formed by digesting precipitated oxide of silver in am- 
monia. It explodes with the utmost violence under the 
feeblest friction, with th^ evolution of pitrogen and the 
vapor of water. ^ 

HowmqriliennitDxidabepnfsreil] WliUEhugai do the cUmida 

u4 iodide exhibit nnder tlie mBoeace of ligbt 1 HsT m*y lilvw bs d*- 
leFte4 1 Btnr is hnu- cftoitli: miLde t 
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LECTURE LXVI, 
MxKVKt. — Proeett ofReduetum. — TA* Liquid StaU of. 
— ]U Oxidet. — Caiomd and Corronvt Si&limaU. — De- 
teetion of Mercury. — lU SalU. — Amtdgamt. — Gold, — 
Chloride of. — Pwrple <^ Cattiiu. — Palladii™. — Pla- 
TiNi)H. — JU Catalytic EfeeU. — Flatinmn Black. — Iud- 
lUM. — Baodium. 

MBttCUttT. fly=aoa. 
MxKcuay ma^ be obtained &om the bisulpburet (cin 
nabar) by distillatlcMi with iron filings. It is also, to a 
ceitun extent, ioaaA. Dative. 

The striking' chftiucteristic of mercury is its liquid condi- 
tion. Its melting point is the lowest of Hiat of any of the 
tnetala, being — 39° F. Its specific gravity at 47° F. is 
13-545. It boils at 663° F. Kept at that temperature in 
the air for a length of time, it produces Ted oxide ; but 
at common temperatures it is not acted on by the air. It 
may be freed from impurities for the purDoaes of the lab- 
oratory, by being kept in contact with dilute nitric acid. 
It gives the following compounds c^ interest: 

~ ' " , . HgO =310-013. 



Peroxide " 

PrMochlorida " 
Bklikaide 



Binlphnret 



. HgOj = 91 

. ^Cl = B3T-<». 

. I&Cl, = 9T»««. 

tirS =ai 
. ffgS, = 23 



The protoxide may be made by triturating calomel 
with potash water is a moitar. It is a black powder, 
which 18 decomposed by light or any of the reducing agents. 
The peroxide may be formed, afstated aTjove, by the ac- 
tion of air oaft>t mercury, but more easily by dissolving 
mercury in nitric acid and evaporating and heating the 
salt until no more fumes of nitrous acid are evolved. It ia 
a red powder, and when wanned becomes almost black, 
the color returning as the temperature descends. Like 
the former, it is a base, and yields a class of salts. 

TAe Protochloridt, or Calomel, may be made by adding 
hydrochloric acid to die protonitrate ik mercury, or by sub- 

On dar whit Gmu doei mflnniiy,pamiusily oocvl What u dM mart 
~ t proper^ t£ thii taettl ? Hmr may it be pnrified t What an 
I>«tiac€tb*iiri>bnid««sdp«nnddeT WbM i* oalonel t 
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liming a mtxtiiTe of bichloride of mcrcurj and mercury. 
It is a white powder, imolable in water, uid darkeiu 
slowly by exposure to eunsIuDe. The btchloride (or Cor- 
rotive SiMimaU) is formed when mercury bums m chlo- 
rine gas, but more economically by aabUmation from a 
mixture of persulphate oi mercury and common aalL It 
is a haary, white, cryatalline body, soluble in water, baa 
a metallic taste, and is potsonoua. The antidote for it is 
albumen (the white of an egg). 

Of the sulf^urets of mercury, the protosnlphuret is 
black, and the bbulphuret commonly red ; in this case it 
passes in commerce under the name of vemulion, and is 
used as a paint. It can be obtained, however, quite black, 
a peculiarity already obseired in the case of 'the perox- 
ide, and still more strikingly in the biniodide, whicn may 
be sublimed in beaudiul yellow crystals, which become 
of a splendid scarlet color by merely being touiAed. 

Mercury may be detected by being precipitated from 
ila soluble combinations by metallic copper as a metal. 
Its sails, either alone or wi& carbonate of soda, heated in 
a tube, yield metallic mercury, which Tolatilizas. 

SALTB 01" THK OXIDEB OF MEECITB,Y, 
Nitratet of the Oxidet of Mercitry. — ^When cold dilute 
nitric acid acts on mercury it gives rise to neutral or basic 
protosalts, aa the acid or mercury is in excess ; if the acid 
DC hot, a pemitrate forms ; these salts are decomposed by 
an excess of water, giving rise to basic compoonda. The 
neutral pomitrate exists in solution only. 

Pert^hate ef Meratry is formed by boiling snlphuric 
acid and mercury, and evaporating to dryness. It occurs 
in the form of a white granular mass, and is decomposed 
by water, giving a yellow precipitate, a si^ulphate call- 
ed THrpelA Mineral. • 

The alloys of mercury are called amalganu; the amal- 
gam of tin is used for silvering looking-glasaea, and that 
of zinc for exciting electrical machines. 

OOLD. ^«=:1W^ 

Qold ia found native, and may be obtained by washing 

What iiccsnMtTonbliiBatet Wlut ii dw oatldoM to iti ForwfaU 
poniMe H dw t^mlpbimt ssmloyedl Wlimt dunes occsi* to tba vel- 
knrbiidodidewbanltUliHicliedl Howdu; mercon be deMMsd 1 How 
■n the proMDlBvte lad tbe ptnnipliaM pnpiredl Under what knm 
dMsoUoDcnrT 
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or bj smalganaadoB with raercorjr. It ma^ bs purified 
&ota silTST by qoartatiim ; that is, fusing it witli three 
time* itfl weight of silver, and than actuig on the mass 
with nitric acid. The gold is left as a dark powder. 

From all other meta& gold is distinguielied by its yel- 
low color. Its specific graTity U 19-3. It meUs at 3016® 
F. It ia the moat malleable of all the metals, as is proved 
by gold-lea^ which may be ol»ained yri's?* ^^'^ 'o thick- 
neaa ; is not acted upon by the air or oxygen. Objects 
of art covered with it have retained their Inilliancy for 
thouaandfl of years. No acid alone dissolTes it ; but it is 
soluble in aqua regi&, and also by chlorine. 

It can, however, be made to yield two oxides, a pro- 
toxide and a teroxide ; and two chlorides having the same 
constitutioti ; the terdilorido is formed by the action of 
oitromuriatic acid (aqua regia) on gold. When evaponi- 
ted, it yields red, deliquescent crystah. Deoxydizing 
agents, such as protosulphate of iron, reduce it to the me- 
tallic state ; thb is probably due to their decomposing 
water and preaenting hydrogen to the chloride, Hydro- 

ten gas decomposes the tert^loride, and, by hea^g it, it 
rat changes into the protochloride and then into metallic 
gold. With a solution of tin it form^ the Purple of Cos- 
titu. This and the action of protosulphate of .iron serve 
as a test for iL 

PALLADIUM. Pd = S3Z. 
Palladium is found associated with platinum, and is 
best obtained firom the cyanide of palladium by ignition. 
It is a white metal, requiring a high temperature for fu- 
sion ; specific gravity 115. It does not tamiah in the air, 
is dissolved by nicnc acid and aqua regia, is one of the 
welding metals, am], when heated, acquires a purple oxy- 
dation like i^ch spring. It is used to some extent by 
dentists. Its compounds are not of importance. 

PLATINUM. Pi = 9Be4. 

Platinum is found native, but always associated with 
other metals. It ia obtained by first forming a chloride 
of platinum and ammonium ; this, when ignited, leaves 



tlio Snrpla o[ Cudiu J With whmt metil ia piUladmrn HsnerelJy Mnd- 
"Wdl What m if pnipiiitiei I Whi« mparfioi*! efleot fkm plusB 
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puEe spongy platinum, triiich being exposed to poweiful 
pressure, and then alternately ntade wuite hot and liam- 
mered, becomes a solid mass. 

Platinum is a wbite metal. Its speciiic gravity is very 
?iigb, being 2V5. It can not be melted to a fomace, but 
fusee before the oxybydrogen blow-pipe. It is a welding 
metal, and cm tMs fact its preparation depends. It is veiy 
malleable and ductile, is not acted upon by oxygen, air, 
or any acid alone, but dissolves in aqua regia. It pos- 
sesses the extraordinary property of causing hydrogen 
asd oxygen to unite at common ten^teratuTes, an eSect 
which ta^es place with remarkable energy when the 
metal is in a spongy state, A jet of hydrogen faliitig 
upon spongy platina in the air makes it red hot, and pres- 
ently ai)»r the gas takes fire. It also brings about the 
rapid transformation of alcohol into acetic acid, and va> 
rious other chemical changes. 

If a quantity of ether be poured into 'w- "*■ 

a glass jar, Fig. 268, and a coil of pla- 
tinum wire, recently ignited, be intro- 
duced, the metal continues to glow so 
long as any ether is present. 

Platinum ia invaluable to the chem- 
ist. It furnishes a vaiiety of imple- 
ments of great value, and is met with 
under the forms of crucibles, tubes, 
wire, foil, &c. , 

Platmum Black is prepared by slow- " 
ly heating to 212° a solution of chlo- 
ride of platinum, to which an excess of carbonate of soda 
and some sugar have been added. It is a dark powder, 
and possesses tjie property of determining a variety of 
chemical changes with much more energy than platinum 

Platinum can be caused to yield two oxides, which are 
not of any importance ; and two analogous chlorides, of 
which the bichloride, which is the common platinum salt, 
is made by dissolving the metal in oitromuriatic acid, 

WhU ia the specific gravil; of Aia meCsl T By whst acid may it be 
dlMOlved? Wbat remarkable relatioofl doea it poflaesB to hydrogen ^asT 
Under iti inlloeDce, what ia slcohol Cmumutsd lalol What i> platjaaia 
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nod enpontiag to a sirup. It is solable in water anil 
akoho], aad is tued for detecting the salts of potash. 

IBIDIUM. Ir= 98-81. 

Iridium is associated with platinum. It is said to bare 
besn found of specific gravity 26*00. Dr. Hare has ob- 
tained it 21-8 ; It is, therefore, the heaviest of the metals. 
Its name is derived from the different colon (iris) of its 
compounds. 

BHODHTM. It = 53^ 

Like the former metal, rhodium is asBociated with the 
nlatina ores. It is & hard wbiM metal ; its specific grav- 
ity is 11*00, and is somedmes used to form tips to metal- 
lic pens. 

WhitmAapropeitieiaf iridimil WhM *n Aon of itndiam I 
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PART IV. 



LECTURE LXVII. 
PeaUiar^U* <f Organic Bodia. — TVif ConttUiuHt EU- 

mtnU. — Prtme to Deeompotititm. — Carbon alway* Pre- 

ent. — Compound Radieait. — Doctrine of SubttituHon.— 

IJ^e*. — Action of Heat. — Eremacaufi*. -^Propagation 

(^Decay. — Action of Acid* and Alkalies. 

The theozy of molecular anaiigemeiit, which has been 
alreail; giren, forma the foundadon of organic chemistry. 
It aaserts that the charactera of oompound bodies do not 
alone depend on the nature of their constituent elements, 
nor even on the relaiire amount of those elements ; but 
that variauon of physical foiniB may result firom atom^ of 
the same name and of the sfme number arranging them- 
aelves in subordinate groups, which groapa then unite 
with each other. 

The leading ultimate elements of organized bodies are 
carbon, hydrogen, nitrogen, and oxy^n. Almost all or- 
ganic bodieB arise from variationa in ibe number and 
grouping of identical elements. 

Now ,a partial consideration of the conditions under 
which die uieoiy of molecular arrangement acts, exhibits 
to us a most striking difference in the nature of the com- 
pounds formed upon its principles and the compounds 
beretolbre descriwd as examples ai ino^;anic chemistry. 
In the one, peculiarity of grouping is the grand feature ; 
in the other, the character of the combining elements. 
Urea differs from the cyanate of ammonia in the arrani^ 
ment of its constituents only ; but the leading mark of dis- 
tinction between sulphuric and phosphoric acids is, that 
the one contains sulphur and the other phosphorus. 

The number of substances which, besides the four men- 
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tioned%bove, enter into the compoeitioii of organic bodies 
is very limited. Among such may be mentioned potash, 
Boda, lime, me-gnesiH., oxide of iron, chlorine, fluorine, sul- 
phur, phosphoniB, and silica. Some of those bodies, such 
Bs alumina, which appear to take the lead in inoi^anic 
productions, are here searcely seen. 

While the lawa of inorganic chemiatry appear to be 
fully in operation as respects the bodies on the study of 
which we are now entering,* there are some peculiarities 
which deserve t9 be ptnnt^ out. The remarkable insta- 
bility, or proneaess to decomposition, which bo many of 
them eSJubit, generally tends to the production of second- 
ary compounds of a much more stable nature. At a red heat 
all organized bodies are decomposed ; and as the ele- 
ments of which they consist are endowed with the most 
energetic affinities, any extensive elevabon of tempera- 
ture tends to impress upon them a change. With but few 
exceptions, the attempts which have hitherto been made 
to produce them artificially have been abortive ; bol this is, 
probably, rather due to our want of knowledge than any 
intrinsic impossibility in effecting such combinations. 

With the exception of a few bodies, such as smmonta, 
which, in prant of feet, belijpg rather to inorganic chem- 
istry, all organized bodies contain carbon. Of late, by in- 
direct processes, chemuts have succeeded in obtaining 
ptendo-organized compounds, into the constitution of 
which such bodies as platinum uid arsenic enter. 

In inorganic chemistry we see a constant disposition to 
the binary form of union : a disposition which is weQ rep- 
resented by the electro-chemical theory. Thus, potassi- 
um unites with oxygen, two bodies together,'to form pot- 
ash ; and this, again, with sulphuric acid, tvro bodies to- 
gether, to form sulphate of potosh. In very many instan- 
ces, the same thing can be traced in organic chemistry ; 
only here, instead of having such bodies as dilorine or 
iodine, potassium or sodium to deal with, we find com- 
pound bodies which discharge analogous functions. These 
bodies go under the name of compound radicals. They 
may be divided into distinct groups, some discbttrging die 

What other element! are fbond rnnone organic hodiea f In tbeir d«- 
compoaiciaa, what da they g:euerally prodncel Can aiiy of them with- 
naua B red best I Cod lliev be Ibmied hj artificial niEaiut Wluit i* 
meant b7 compoond nidicali t 
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dol^ of elecbro-iiegBiive, aoa» of dcctropoeitivA, simI 
some of indifierent bodies. In aeTerAl casea .they hava 
bean iontlued, bst ia oth^v 1^7 TMnaiii ss jtA ■■ ideal 
or bjpotiieiiai'bodies. 

Table of Compotmi Sadiait. 



Cyanogen. 
Femcyanogen. 


Ciuuamylfl. 
Etbyle. 


AcetylB. 
MeHiyi^. 

QlyoerjU. 



The qualities of boaUes dependii^ as much on the mode 
of azTangem«)t of tbeir constituent particteB ss tta the 
chemical natuis of those puticlea, it has been found con- 
venient to arruige Aem in groups, accordipg to thoir 
type of structure ; thus, for instance, in the former A^ 
partment of chemistry, such bodies as hydrochloric, hy< 
oriodic, hydrobromic acids may be arranged together as 
belonging to one type ; and &om the first of these all the 
rest may be conceived as arising, by substituting an atom 
of iodine, bromine, fluorine, &c., for the atom of chlorine 
which it contuns. 4^ 

The bodies which can tliua be anbstituted for each 
other appear to have, certain reladonsbips ; for the a\i!o- 
atitution of a given substance can not take place indiscrim- 
inately by all other bodies. As a general rule, in inor- 
ganic combinations, electro-negative bodies can only be 
substituted by electnwiegative, and electro-positive by 
electro-positive. But many of the most prominent cases 
in organic chemistry are precisely the reverse. In them, 
for example, w« find chlorine, a powerful electro-nega- 
tive, taking the place of hydrogen, an equally powerful 
electro-positive body, and, in the compound, discharging 
all its functions. For these reasons, it has been supposed 
that the- electro-chemical theory fails to fumi^ any ex- 
jdanation; but I have proved that chlorine, like many 
o&er bodies^ can assume different allotropio states ; atone 
time . being an active electro-negative body, and at an- 
(Aer quite passive. Moreover, it ougbt not to be fop- 

yfhit eompoiukd rmdicali are known 1 
bodie* be lobatitateil fbr each other? !■ 
■peet benreea ino^uiiB and drguiio bodiea t 
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gotten Aat bjdrogen, in relation to carbon, is as much an 
electn>-n^atiTe bod^ as chlorine itself. 

A chemical type is, therefore, a system, or gronp of 
atoms of a certun number, arranged in. a certain relatioq- 
shq> with each other. •From this each atom may be di»- 
placed, and one of another kind ttibtlittUed in its stead; 
and this may be carried ibrward until not one of the orig- 
inal atoms is left, the new group officiating in all re^Mcts 
liW its predeceseor. But should one of the atoms be 
displaced, and no new one substituted for it, then, the re- 
maining atoms changing their position, the type is broken 
up and a new one is the resuk. 

Organic compounds, being for the moat part composed 
of carbon, hydrogen, nitrogen, and oxygen, exhibit a con- 
stant tendency to break up into subordinate groups, and 
eventually to give rise to the productioa of the simpler 
binary bodies, carbonic acid, water, and anunouis. The 
carbon constantly inclines to unite with oxygen to form 
carbcmie aoid, the hydrogen, in the same manner, to form 
water, or, with the nitrogen, to produce ammonia; and 
these tendencies may be satisfied in a variety of ways. 
Elevations of temperature in the open air at once pve 
rise to carbonic acid, water,jKnd free nitrogen; or n in 
close vessels oat of the contact of air, to an extensive se- 
ries of compounds, difTering in each caae with the sub- 
stance exposed, and of a less complex constitution. Even 
in the air, at common temperatures, a slow action often 

Con, as in the decay of wood or the souring of wine ; 
e called eremacansis (slow combustion). 
When a combustible substance is ignited in the air at 
one point, the burning presently spreads throughout the 
whole moss ; and in the slow combustion, eremacausis, 
the same takes place. A substance undergoing sach a 
change, if placed in contact with another capable of un- 
dergoing it, propagates its effect throughout the whole 
mass. For ibis reason, the decay of yeast, a ferment, im- 
presses a metamorphosis on sugar, compelling it to give 
off carbonic acid gas ; and putrefaction of ^sh meat ia eas- 
ily brought on by the contact of putrid animal m^ter. 

Wbat ia » cbemicRl tvpe I TJudsr what circnnutuKea do new typvm 
Mnit 1 What OK (he Uiiar; bodies eveDtoiUy pTadoced 1 'Whit ii ths 
TonltofeleTUimaftempentnreinlhecmeQurt Wbat m cloae Tmab t 
iTTi.-. ^ . t.. - , Til Wbat reapoot ' 
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Nitric, Biilpfauric, and other stitnig acHa impreei striking 
cfaaneos when heated with organic roatters ; thus, when 
the former acts on starch, oxalic acid is fonned; when 
wlpburic acid acts on oxalic, it totally destrovs it, resolv- 
ing it into carbonic acid, carbonic oxide, and water. In 
the same manner, also, basic bodies produce strilung chang- 
es, generally giving rise to the production of acids, and the 
evolution ctf hydrogen and ammonia. 

In the present stale of organic chemistry, it is impgis- 
sible to present a perfect system of arrangement, as in in- 
organic chemistry, or one approaching to the finish of that 
department. The course, uierefore, which I shall now 
take is recommended rather for its usefulness in fecilita- 
dng study dian fear the propriety of its dassificadon. 



LECTURE LXVIU. 
Thk Non-nttrooknizbd Bcwms. — T%e Starch Grot^.^ 
Stareh.-^Actum <^ Iodine. — VarioUM Form* of Starch, 
— Prodvctum of Dexlrin€.~— Action ^Diattate. — Leio- 
eonu. — Ckate Sugar. — Gltteoie. — Dittinctiim bAween 
Cane and Grape Sugar. — Milk Sugar. — Gitm. — Lig 

The non-nitrogenized bodies, which we aball first con* 
uder, are characterized by the peculiarity that they form 
a group, each member containing twelve atoms of carbon, 
umted with hydrogen and ' oxygen in the proportiona to 
£)nn water. They are for the most part indinerent bod- 
ies. 

Tie Stank Ormp. 

Stuch CiiHwOv, 

Csiwinigu(ci7(tilliied) . . . C,tHiiO,i. 

Qnpe tagtr CisHuOii, 

Hilk ragar CuffnOi,. 

Gun. Cn/fiiOii. 

LigniDa CiiIA Oa. 

Starch — Fecvia ( (7i^,oO„) — ^is found abundantly in the 
vegetable kingdom, and may be obtained from potatoes 

Wlut it tfn eSbct of itrong scida ud olkaliei on orguiia bodiei T How 
Buuty ouboo atomi doea bkM meiober <Df ttie tmyle fronp omtaiu 1 In 
whU piDp(*ti<n> an tfwir exvgen kpd bydmgenl Uentjon acme of tko 
ddef bodiea of thii gnnp. Tiaa wbit «iiircsf, and in whu mumer, ii 
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by iMpiag '■ad ^aahing the mass upon a sieve, the starch 
being curied off bj tl^ -vraiaT. It ma; also be obtained 
&DII1 flour b; making it into a pasM with water and them 
waahing it. Ihe starch sepamtsB, and glaten is left be- 
lt is a wUm substance, commonly met with in irregu- 
lar prismatic maseea, which shape it assumes while drying. 
It is insoluble in cold water, and also in alcohol, and con- 
«4i of granulsB of difieront sizes, as it is derivBd from 
diSerent plania, those of the potano being about the two 
'hundred and fiftieth of an inch in diameter. 

. When Btarch is heated in water, the covering meJn- 
, brane of each granule bursts open, and the interior matter 
■ dissolves out. If liw proporuou of starch be cwisiderable, 
the whole forms a jelly-like mass, which may be dried in 
a yellowish body, having the sattie constitution as starch 
itself: Gelatinous starch passes under the name of Ami- 

With free iodine, starch strikes a deep blue color. 
When water containing this compound is heated to 21S° 
F., tihe color totally disappears, and is not restored on cock- 
ing ; but if the source of heat be removed as soon aa the 
color disappears, and be£:ire the temperature reaches 212° 
F., the color returns. Starch and iodine constitute an ex- 
ceedingly delicate test for each other. 

In commerce, stardi is found under various modiGca* 
tions, such as Arrow-root, Tapioca, Cassava, Sago. It 
forms an important article of respiratory food. LiKlint, 
which is derived from the dahlia and other plants, is a sub- 
stance approaching starch in many respects. 

When starch is boiled in water vrith a small quantity of 
sulphuric acid, it changes into Z^earfrfne, a substance of the 
same composition ; the acid being subsequently removed 
by carbonate of lime and filtration, that body is procured 
on evaporation as a gummy mass. But if the ebullition 
be continued for a longer time, the dextrine disappears 
and grape sugar comes in its stead. Starch may also be 
umverted into fprape sugar by the action of a peouHar 
fennent, DiiM^aw, wUch is contained in an infusion of 

Wbtt u tbs riu of its KTUBlei t WhU.U die effect of bot Water m 
it I WhMUamidinB! Wiuu u the Ecticn of iodine on tCuch t Ifontioa 
■mae other TBiMtiei of iluidi. Ibiw ii it ooovert«d into dsKtrfais 1 How 
ln>osrkp«ia(vt WbU i< diutu* I 



DigniodD, Google 



CANS 8U0AX. 818 

' icalt. Gelatinous starch may, in the course of a few mia- 
ates, at 160" F., be converted into dextrine by tfaia sub- 
stance, and soon aiUr into sugar. In either of tbeae cases 
the presence of atmospheric air is not required ; the final 
actioD being that the starch simply assumes three atoms of 
water, and liecomea converted mto grape sugar. 

When baked at a temperature of about 400° F., sUxch 
becomes soluble in water, and passes ia commerce under 
the name of BritUk Gum, or Leiaeomt. 

Cane Sugar {C„3t0^+2S0) is found abundanfly in 
the juices of many plants, and is chiefly extracted for com- 
mercial purposes from the sugar-cane, which, being crushed 
between rollers, yields a juice, which is mixed with lima 
and boiled ; a coagulum having been removed &om it, it 
ia rapidly evaporated at as low a temperature as possible, 
ami then crystallized. In this state, aiter a brownish sir- 
up, molasses, has drained from it, it passes in commerce un- 
der the name of Mtacooado, or brown sugar. This is pu- 
rified by boiling in water mth albumen, which, coagulat- 
ing, separates many of the impurities ; the solution is then 
decolorized by animal charcoal, evaporated, solidified in 
conical vessels, and, being washed with a little clean sirup. 



is thrown into commerce as loaf-sugar. Sugar is also o 
tained from the sap of themaple-tree,and from boot-root. 

From a strong solution sugar crystallizes in rhombic 
prisms, which are colorless ; Uey pass under the name of 
Sugar Candy. It is soluble in one third its weight of cold 
water, and in any quantity of hot. It has a sweet and 
proverbially charact^istic taste. When heated, it melts, 
and gives rise to a yellowish, transparent body, called 
Barlej/ Sugar, But if kept at a temperature of 630° F., 
it turns of a reddish-brown color, conetituting Caramd. 
Sugar unites with various bodies, such as lime and oxide 
of lead, and with common salt yields a crystallized prod- 
uct. By caseins it is transibrined into lactic acid. 

€hr(^ Sugar — FruU Sugar — Glucoxe — Starch Sugar 
— Diabetic Sugar (C,Jf„0„)— is the substance jusi de- 
scribed as arisiBg npm the transmutation of Btarch under 
the influence of aci^ It ocoura naturally in many vege- 
table juices and in honey. 

What is iC* actkm on rtarehT How ii Britiih gom formodi Prom 
what aDimei, uid t^ what meus, in cuia fogai denved T WbU ue US 
pMpertin T By whM meua i* carunsl formed I 
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Compared witb cane sugar, it is raach less soluble in 
water, and leM disposed to crystallize. It requires lj[ 
part* of water for solution. It may be distineuished by 
ae action with caustic alkalies and salphmic acid, the form' 
er taming it brown and the latter dissolving it without 
blackening, while cane sugar is little acted on in the form- 
er instance, and blackened in the latter. The two vari- 
eties maT also be distinguished by being mixed with a so- 
lution of sulphate of copper, to which, it caustic potash be 
added, blue liquids are obtained, and these being heated, 
the grape sugar dirows down a green precipitate, which 
turns deep red, the solution being lefb colorless : the cane 
sugar alters very slowly, a red precipitate gradually fbrra- 
ing, and the liquid remaimng blue. Grape sugar, like 
cane sugar, gives with common salt a crystallized com- 
pountL When heated to 212" F. it loses two atoms of 
water, and becomes Cj^,Oi,. 

Milk Stigar—Lactine {CiHuO,,) — may be obtained 
by evaporating whey to a. sirup, and the crystftls -which 
then form are to be purified by animal charcoal. It ia 
sparingly soluble, requiring five or six times its weight of 
water. The crystals are gritty between the teeth. Iris 
through tbe alcoholic fermentaiion of this body that the 
Tartars procure intoxicating milk. 

Besides the foregoing, there are several sabordtnattt 
vacietiea of sugar, among which may be cited 
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and others, as liquorice sugar, mushroom sugar, or man- 
nite, &c. 

GcM. — Gum Araiie is obtained from several species of 
the mimosa or acacia, frotn the bark of which it exudes ; 
is obtained in white or yellowish tears, of a vitreous as- 
pect. It dissolves in cold water, forming mucilage, from 
which it may be precipitated pure, as Arabine, by alcoh<J. 

BoMtorine is the principle of Gum Tragacanth; it does 
not dissolve in water, but merely forms a jelly-like mass. 
With this subatance should be class^ PecHne, the jelly 
obtained from currants and other fruits. This subatancQ 
furnishes Pectie a cid by the action of bases. 

What ii the difference between cane wd grape iiigar T B; wbat tot 
m^ they be diningaiihed f What are tite propeities of milk ngart 
Mention ii«ne other Tariotiai of tagtx- From what aonree ii giun d«- 
rii-adl What are araWas. bMMrino, and poetine I 
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LisNiNBi — This anbatancfl, with CetluIoK and other bod- 
ies, forms the woody fibre or ligneoiu tissue of plants. It 
occurs iu a state of purity in the -fibres of fine Hneo and 
cotton, and, aa is well known, is of perfect wbiteness, in- 
soluble in waler and alcohol, and tasteless. Strong aiid 
cold sulphuric acid converts it into a dextrine, as may be 
shown by addmg to that subitance pieces of linen, taking 
care that the temperature does not rise so as to blacken 
the mixture, wbii^is to be well stirred, and suffered to 
stand Ear. a time. On dissolving it then in water, and 
BeutroSziogby the addition of cbaik, dextrine is obtained ; 
or if, before neutralizing, the soludon is well boiled, grape 
sugar is produced. 



LECTURE LXIX. 
AcTiow OF Agents on th^ Starch GROf!F.~--Actum o/* 
Sidphuric Acid on St^ar. — Glvcic Acid productd bjf 
Lime. — Melaaiie Acid. — Action of Nitric Acid. — Pro- 
duction of Oxalic Add. — CoitUittititm of Oxalie Aeid.~— 
Iti Sails. — - Oxatnide. — Saccharit: . Acid. — Rh-odizimic 
and Croconic Acids. — MtuM Add. — Xyloidine. — Jtt 
Propertiea. 

In the preceding Lecture we have already explained 
the change of starch into sugar, and of liniine into dex- 
trine, under the influence of sulphuric acid ; and in the 
vegetable world there can be no doubt that these and 
Other similar modifications arise from the action of many 
causes. On inspecting the constitution of the group, it 
will be seen that, in theory, this is to be done by the ad- 
dition or abstraction of water. 

When melted grape sugar is mixed with strong sul- 

E baric acid, and the diluted solution neutralized with car- 
onate of baryta, the sulphosaccharate of baryta is found 
in the solution. The SulpJto»aceharic acid is a sweetish 
liquid, readily decomposing into sugar and sulphuric acid, 
^^en, in the process of converting cane sugar into 

« be prepiredt When pare, what 

" " r may it be conTeited . . . 
at i* tli« soliisi impreiwd w 
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srspe BUKsr by boiling with sulpbode-acidi tha scdon is 
fong conunued, a dsrk-colored Bubstanee is formed, con- 
aisnng of two different bodies, TJhnine and IMmic Acid, or, 
as they are termed by Liebig, SacchvtmiTte and iSaecAwjflttc 
>1ct(2. The latter is conTertecl into the former by coo^- 
aed boiling in water. 

Wbea a aolutioB of grape sugar containing lime is kept 
for some Dme, the alkaline reaction of the Ume finally 
disappears tbrengh the fonnatioti of Ghtcic Acid, the ccmi* 
Btitntion of which is C^iO^ It is soluble, deliijueecent, 
of a sour taste, osd yieldinff, for the most part, soluble 
salts. If giwe Bttgar be boMd with potash water until 1l 
becomes black, a dark substance tnay be precipitated by. 
an acid. This is Mdatadc Acid, its constitution being 

These are some of the less important results of tha 
action of acid and alkaline bodies on the starch group ; 
there are others of far more interest. 

Oxalic Acid [C,0„ HO+ZA^). — Oxalic acid is formed 
by the action of nitric acid on starch or sugar, or any other 
of the starch group, exceat gum and sugar of milk. One 

{lart of sugar is to be lUKed with fee of nitric acid, di- 
uted with twice its weight of watei^ and the acid finally 
distilled off until the residne will depos^ crystals on cool- 
ing. These, being collected, are to be purified by redis* 
solving and crystallizing. They are oblique rhombic 
prisms, more soluble in hot than cold water, of an in- 
tensely acid taste, and poisonous to the animal economy, 
chalk or magnesia being the antidote. Oxalic acid also 
occurs naturally in several plants, in union widi potash 
or Eme. 

As the foregoing formula shows, the crystals of oxalic 
acid contain one equivalent of saline water ftnd two of 
water of crystallization. The latter may be rMnoved by 
exposure to a low heat, the crystals then becoming a 
white powder, and subliming without difBculty. Any at- 
tempt to remove the saline water and isolate the oxalic 
acid (as 0,0,) leads to its decomposition. Thus, when 
the acid u heated with tnl of vitrim, total deconipoaiti(»i 

Witt v* iKcbabalne uid (sodralniic fad 1 What ui tha coutitatko 
arglacicacid} WbU i» tbs octiaii <tf potuh os grape ingar 1 Deocriba 
tt* prnwntiBn sT mafia uid. "What it Ute tatidota to ill Wturt ^ 
tbs adkn eC Oil <rf vitriol m oxalic acidr 
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reeolte; e^ual voltes f)( carbonic oxide and carbonio 
acid are set free ; for dte constitidion of oxalic acid ia 
■ucfa,'that we ma^ regard it as composed of an atcaa of 
each of those bodies r 

CO,...=*..CO,+ COi 
and upon this is founded one of tbe methods of preparing 
carbonic sKide gas. The gaseous mixture which results 
from the action of the oil of vitriol is passed, as in fHg. 
243, through a bottle containing potash water, which ab- 
sorbs the carbonic acid, and the carbonic oxide may be 
collected at the water trough. 

Thp production of oxalic acid frcon sugar by nitric acid 
fa due to the replacement of j|fdrogen by an equivalent 
quantity of osygen. 

c,jr,Ot.. + o„... = ...c„o„..+M,o,i 

that is, one ati^n of dry sugar with eighteen of oxjgen 
yields six atoms of oxalic acid and nine of water. 

SeUtt of Oxdlie Acid. 

There are three potaah salts ; IsL Neutral Oxaiate of 
Potoih, made by neutralizing ^ncaJic acid with carbonate 
of potash ; cfystalHzes in rbonAic prisms, soluble in three 
times its weight of irater. 2d, Binoxalate of PotoMh, made 
by dividing a solvtion of oxalic acid into two parts ; neu- 
tralize one with carbonate of potash, and then add the 
other. It crystallizes in rhombic pcisms, has a sour taste,' 
and dissolves in forty paits of water. It occurs naturally in 
several plants, as the Oxalit AceUiiella. 3d. Qaadraauate 
(^Potash. Divide a solution of oxalic acid into four parts ; 
neutralize one and add the rest. It crystallizes in octa- 
hedrons ; less soluble than either of the foregoing. These 
salts are sometimes used for the removal of ink staina 
&om linen. 

OxaUtte of AmTiumia, prepared by neutraJizing a hot 
solution of oxalic acid with carbonate of ammonia. It crys- 
tallizes in rhombic prisms, which are efflorescent. Its so- 
lution is used, as has been already stated, as a test and 
precipitant of lime. When exposed to heat in a retort, it 
IS, for the most part, decomposed into water, ammonia. 

How iifliu Kid Iin>diiced6tim ■near T How mu; oialatM of potuh 
tie diBTol How *re they prapsrsdl For whst pnrposg an IhMe itlts 
MDietim(i(iuedt 
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carbonic acid, a^aaogen, and otber cgofounda ; but a sub- 
■tanca of Cbe name of (kcamide also Sublimes,' the consu* 
tutionofwhicb is ' 

CA NO, ... = ... WH. + 2{C0), 
that is, cxjntaining the cODBiituimtB of one atom of amido- 
gen and two of carbonic oxide.' Tbia FemarKable aub* 
atance, wben boiled mtb potash, yields, tlirouf li the do- 
composition of water, oxalate .of p«ta^ and ammoniacal 
gas. 

Oxaiate of Lime occutb naturally, fotming the skeleton 
of many lichens, and is obtained, aa has just been aaid, by 
precipitating a lime salt. Itis soluble m iiitria-aci4>aiid, 
Ignited in a covered crucible, !s converted into car&<«ata. 
of lime. 

Saccharic Acid {CiJT,Oi, + 5HO) — Oxalhydrk Acid 
.• — made by the action of ^ute nitric acid on sagar. It is • 
a pentabasic acid. 

Rbodizonic Acid (C,Oj+3HO), obtained by the action 
of potassium on carbonic oxide at a red heat. Wben 
l>oiIed, it changes into Croconic Acid, a yellow body hav- 
ing the constitution C^Ot-i-HO. 

Mucic Acid (C„H,0,-^2H0), obtained by the action 
of dilute nitric acid on gum or sugar of mi&, as in the 
preparation of oxalic acid by other members of the starch 
group. It requires sixty times its weigfit of water for so- 
lutioTU DecoTnppsed by heat, it yields pyromocic acid. 

X¥LOiDtPi£ ( C^,0„ NOe), made by the action of nitric 
acid, sp. gr. IS, on starch, which is converted into a gelati- 
nous body, and yields this substance A a white precipi- 
tate when acted on by water. Its origin is apparent from 
B comparison of its formula with that of starch. Xyloid- 
ine is msoluble in boiling water, but by the continued ac- 
tion of nitric acid changes into oxalic add. 100 parts of 
Btarcb yield 128 of xyloidine. 

Gun Cotton. — I'yroxyline. A remarkable compound, 
proposed as a substitute for gunpowder by Schonbein, 
whose process for preparing it has not yet been divulged. 
It may be made by the action of monohydrated nitric acid 

«■ oiamide tbrml What it itg coiMim- 
madaT Under wfaM cironmatancei ou 
)w !■ [ba TbodizonBU of potaah IbnneilT 
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on cotton, paper, ovAwduft; «iid still more conTenientlyby 
a mixture of nitric and nilphuric acids on those substancet. 
Tbe chespest and best process for its prepwetion is that 
discovered by Prof. EUet, of South Carolina College. It 
consists in Boakine carded cotton for a few niinuteH in a 
miuun^ of pulvenzed aitrate of potaA and oil of vitriol, 
washing the result in hot water to &ee the cotton from 
the potash salt, and finishing the washing by a weak so- 
lution of ammonia. Gun cotton appears whifli, like or- 
dinary cotton, the fibre being little changed ; it is some- 
what harsh to the touch ; when perfectly dry, it explodes 
when heated to about 300 F., or by the blow of a ham- 
<ner.' It is estimated as having about three times the me- 
chanical fiwce of gunpowder. 100 parts of cotton yield 
tbont 165 of gun cotton. It contuns twice as much nitric 
acid (u xytoi^DQ. ' 



LECTURE LXX. 

On the Metahokphoses or tbb &tarcb Group bt Ki- 

THoOBStZED Fermknts.— Jrt(o» of Leaven. — Bread.^ 

Fermentation of Sugar. — Fententatutn of Grape Juice.— 

Primarif Actim on the Ferment. — AeUvity ofFermaoi 

' due to NUrogen. — EfeeU <^ Temperature, — Produ^tum oj 

Butyric Aad. — FermaU* of different ProperHet. — Pro- 

duction of Wine and iiUoaetcatiHg JAqnid*. 

In the precedSig Lecture we have traced the action 

lOf the more powerful inorganic agents on the amyle8,aiul 

seen how a variety of bodies of different characters arise, 

«ome of which, as oxalic acid, are of very considerable 



But Aere is another system of changes which can be 
imprcBsed.on this group of bodies, far more curious in its 
nature, and leai^g to far more important results. 

When flour, made into a paste widi water, is brought 
in contact with Leaven, ihat is to say, a similar dough, un- 
dergtnng an incipient putrefactive fermentation, at a tem- 
perature of 60° or 70° F., bubbles of gas are disengaged. 
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8t9 ACTMir or peemehts. 

Ae put« BWtAla up, and, wben ba^ipd, fcmw lewened 
I>read. TIiu imcieiit proeew, whtpb is bow in lua &]! orer 
the worlil, ^peuda on the action of the changing leaven 
being propagated to the Bugar which ifaa flour coataina. 
The BUgar ia reaohed into alctdiol and carhonic acid gaa, 
the fcnaer of which maj be oiMained by di^Hiug the 
dough I and tb« hubblea of the latter, entrapped in the 
yielauig moss, prea to the Iwead the ligbtnaea &>t wfaocfa 
n is pnzdS. 

But thia proceM may be beUer- traced hj obecTring 
the phenMnena of alcoholic fermentatioii in the oaee M 
pore Husar. If we take a splution of eugM- in waKr, it 
tnay be kept for a length of time withoot uodergoiRg anf 
change ; but if iutrogeniz6d mattere, such as blood, albu- 
men, lettTen, in a state of putrescent Aee:a,y, are mixed 
■with it, then, at a temperature of 70" F., the augor rapidly 
dUappeara, carbonic acid is given off, ead alcohol ia found 
in the solution. The change ia obvioue. 

C,^„0„... = ...2(C^O,) + 4{CO,); 
diat ia, one atom of dry grape BUgar yields two of alco- 
liol and £nir of carbonic acid. The final action, there- 
fore, of the ferment ia to Bplit the BUgar atom into carbon- 
ie acid and alcohol. 

Of all fermentfl. Yeast, fiir these puiposea, ia the moM 
powmiul ; it is a substance which arises during the fer- 
mentatian of beer. It is probable that, in &e Tarioua 
sugars, the first action ia to bring them into the condition 
of grape sugar, and then the metamorphosis ensues. 

By an analogous transformation of ike sugar contuned 
in fiiiits, the d^erent wines and other intoxicadng liquids 
are fcHmed ; thus, if we take the expressed juice of grapes 
which has not been exposed to the contact of air, it rosy 
be kept for a length of time without change ; but if a sin- 
gle bubble of oxygen is admitted to it, formeBlation at 
once sets in, the grape sugar disappears, end alcohol 
comes in its stead, carbonic acid gas bting dbengaged, 
and the nitrogenized substance, yeast, deposited. If a so- 
lution of pure sugar be added, it is involved in the change, 
and portion after portion wilt dis^pear ; but, finally, uie 

WbM!jil3ieMtioaotil«^iiigBitnig«Buedi>utter«nBial(UiaDarsaK>r1 
iota vhubodiaadoHdMHigu'itam^litl What iidiaaotioDaf ysMt 
onnigBrl Denribe d» aotiaiofTVHttngri^JauM. 
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jeaat itself is exhaiuted, and tbgii bbj excess of BOgar re- 
mains uBaCted upon. 

It U obvious that the primary action is an oxjdatioa 
of the ferment, and the moment its paiticlea are set in 
motion the motion is propagated to the adjacent body, 
the particles of nftich snbmit in succession ; and there- 
fore the fermentation ia not a sudden sctioa, but one re- 
quiring time. Moreover, it ia plain that the action ia lim- 
ited ; a given quantity of yea«t will transmute only a defi- 
nite quantity of sugar. 

The fermenUi, or bodies whidi poeseH this singular 
quality, are nitrof[eahe«d bodies; end, inasmuch as non- 
nitro^^iized bodies never apMitaiieously ferment while 
oxydizin^, it Is to the nitrogen that we are to impute the 
qualities in question. 

Temperature has a remarkable control over ferment 
action. The juice of carrots or beets, fermenting at 50^ 
Fahr., will yield alcohol, carbonic acid, and yeast; but 
the aune juices, fermenting at 180° Fahr., produce lactic 
acid, gum, and mannite. Under these drcumstances, 
therefore, alcobol is the product of fennenta^o at low, 
and lactic acid at high temperatures. 

But when milk ferments at 50'^ Fahr., lactic acid is the 
chief product, while at 80° Fahr. the casein acts like a 
yeast lerment, the milk sugar becoming transformed into 
grape sugar, and then resolving itself into alcohol and 
carbonic acid. In this instance the action is the reverse 
of the former, lactic acid being the product of a low, and 
alcohol of a high temperature. 

A very remarkable decomposilioa takes place when 
casein ferment acts on sugar at 80° Fahr. in presence of 
carbonate of lime. Under these circumstancea, carbonic 
acid gas aed hydrogen are evolved, and Butyric Add ap- 
pears. On comparing the constitution of butyric acid 
with alcohol, it will be seen that the latter contains the 
elements of the fbrmar, with an excess of hydrogen ; so 
that, duriag this fermentation, the alcohol atom is divided. 

All ferments possess certain properties fai common, but 
each has its specific powers ; and the products which are 

WhM ia tha piiiiUT7 Bcticn in thiiH cue* ? Ii the tcHoa of tba fe> 
coent definite f To wbit alement in ^e yoMC ii the tctim dae 1 What 
ii tlie eSb» of temperatnfe do termentstkin 1 Deiczibe the canm of the 
fwtnentuian of vegetable Joiiiei aodi^Dilkf Dndw wbU cdrcamstuoaa 
doea bntyric acid torm t 
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vroUed differ in diflTerent cases. Most commotity tbe ae- 
dvity of these bodies is excited by an incipient oxydtk- 
don, the result of wbich irould be to bring the ferment 
itselfto a simpler constitution. In this respect, therefore, 
the Gret stage of fermentation is a combuBtton at common 
temperaturaa, or an eremacausis of-Ae ferment itself; 
but this action is speedily prop^ated to tbe sorroundiog 
mass, which becomes involved in the change. What- 
erer, therefore, prevents the incipient oxydation of tbb 
ferment puts a stop to the whole process. By raising 
their temperatiue to S12°, and then cutting off the access 
of air, substances which would otherwise imdOTgo a very 
rapid change may be kept for any length of time without 
alteration. On this principle, meats, milk, and other viands 
may be preserved. 

We hare now pointed out the pectiliftnties of ferment 
action, showing that two successive stages tnay be traced 
in the process ; the first arising in the oxydatioti of the 
ferment, by which its molecules are decomposed ; and the 
second, which consists in tbe propagation of this move- 
laent to the surrounding particles, upon which changes 
are impressed, the nature of which' diff«« with tb« tem- 
perature and tbe ^cliic action of the ferment itself 

Wine is made from the expressed juice of grapes, which, 
containing a nicrxigenized body, albumen, when exposed 
to the air undergoes spontaneous fermentation ; the course 
of the action being, Ist. The oxydation of the vegetable 
albumen ; 2d. The propagation of its action to the grape 
su^ar. If the sugar is in excess, the wine-remains sweet; 
if the albumen is in excess, the wine is dry. The -wine, 
as soon as the first action is over, is removed into casks. 
During these changes, the bitartrate of potash, which 
exists naturally in grape juice, and which, though sparing' 
ly soluble in water, is much less so in alcohol, is deposit- 
ed. It goes under the name of Argol. Most other fruit 
juices contain free acid, such as malic or citiic ; and henee 
good vrine can not be made from them, because, if all the 
sugar is removed, they possess a sharp taste ; and if, as ia 

Wbatia tha chuiKfl which the feiment iCielf nndergoei 1 Wlutuths 
eflbct ofcQttii^ar nie bccbm of nirT Whit ire ths two itana of fer- 
mBiitacCionT what is the pmceu for Hie ■uknwd' wine f WheniilliB 
wiDeaweec, aad whenibyt WhatiimreolT Wbv matfaer fruit Joiooi 
1«« proper for mahing: wine thui gmpe Joiee T 
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commonly the case, a pordon is left to correct the acid- 
ity, il IB liable to run into a second fermentation. 

Inferior liquids, such as cider, perry, &c., are made 
from other vegetable juices, as those of apples, peara, &c. 
Beer, porter, and ale are made from an infusion of malt, 
vrhich IS barley, » portion of the starch of which is trans- 
posed into sugar by partial germination. The principles 
of the fermentation are, in Si these inBtances, the same. 



LECTtJEE LXXL 

On TBS DlBITATIVEg OF FeRHENTATITK pROCESftKB.—- 

Aieohcl. — lU Proptrtia. — Exittt in Wine*.— Lactic 
Add. — Produetiom and Properties. — StiJphMrie Ether. 
— It* IH*liUati(m. — The EthyJe Serie*.—Chl4>ride^- 
Brmnide. — Nitrate, fyc. — (Enanthie Ether. 

ALCOHOL {HyiraUd Oxidt of Eihylt) CtHiO,. 

Bt the disullation of wiue, or any other fermented sac- 
charine juice, spirits of wine maybe obtained. Aafiist^r** 
pared, it caotainB a large quantity of water, which comes 
over with it. Thb product being rectified, and the first por- 
tion preserved, yields a spirit containing twelve to fifteen 
per cent, of water. By putting this into a retort with half 
Its weight of quicklime, keeping the mixture a few days, 
and then distilling at a low temperature, absolute or an- 
hydrous alcohol is obtained. 

Anhydrous alcohol is a colorless liquid of a burning 
taste and pleasant <l*or. Its specific gravity, at 60° F., is 
0-795. It boils at 173° F., and at a still lowerpoint if slight- 
ly diluted with water, though the boiling point rises if the 
water be in greater proportion. It has not been yet fro- 
zen. The specific gravity, also, varies with the amount of 
water present ; and hence the purity of spirits of wine 
may be determined by ascertaining its density. Alcohol 
is very inflammable, bums with a pale blue flame, with 
the producton of carbonic acid gas and water. It is much 
used in chemical investigationH as fdmiBhing a lamp flame 
ftee from smoke, and as possessing an extensive range of 

Howli ■loohcdprocored? How may it ba obliioed sohydroni f W]i«t 
ire in propaitiei r How may Cba (ireDgth dT ipiriM of win* b* dMH- 
prfn.H 1 Par yiiM, pnrpoiei u it tued in chmiiaT T * 
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nAreat powers, actuigf «pon rmiag, oils, and otbar bodies, 
which axe not acted upon by water. 

The strong wines, sucb as port and sheny, contain from 
. nineteen to twenty-five per cent, of alcohol; the light 
wines from twelve per cenL npward ; and beer, porter, 
&c, from five to ten per cent. 

Laetus Acid Fermentation. — We have already seen diat 
vegetable juices as well as nulk will, under certun cir- 
comatances of temperature, yield, during fermentation, 
lactic acid instead of alcohol. This acid may, therefore, 
be made by disBolviog a quautity of sugar of milk in milk, 
putting it in a warm place, and allowing it to turn sour 
spontaneously. A part of the caseine of the milk here acts 
as the fecmeat, and aa lactic acid is set firee, it coagulate* 
the rest and makes it insoluble. By the. addition of car- 
bonate of soda, to neutralize the add, tbia is prevented, and 
the ferment resuming its activity, produces more W:tic 
acid. When, by this process, all the sugar is exhausted, 
the liquid is boiled, nltered, evaporated to dryness, and 
the lactate of soda dissolved out by hot alcohoL From 
thu alcoholic solution the acid mav be obtained by pre- 
tiptadng the soda by sulphuric acid. 
_ %acti» Acid {C^HtOt+ HO) KohuuDed as a sirupy solu- 
tion by concentrating in a vacuum over oil of vitriol. It is 
colorless, has a specilic gravity of 1-215, is very sour, and 
soluble in water and arcohol. It yields a complete series 
of salts, most of which are soluble. - Among these salt^ 
the most interesting are those of lime and of zinc. 

Ether— SuZpAttric Ether— Oxide of Ethyle (CJl^O). 
—Ether is prepared by disCiJfing equfil weights of alcohol 
and oil of vitnol, receiving the resulting vapor in a Lie- 
big's condenser, o d A c, as in Fiff. 269, the condenser be- 
ing cooled by water fcOTa the reservoir, *, flovring into the 
funnel, c, the waste passing into the vessel, J, and the ether 
distilling into the bottle, e. The process is to be stopped 
as soon as the mixture begins to blacken. "016 first prod- 
uct may be rectified by redistillation from caustic potash. 

Ether is a colorless and limpid liquid, of a peculiar 
odor and hot taste. It boils at 96° F., and has not yet 

How mnch ifcohol per cent U contdned in port, riieny, beer indslel 
Wh»tuiiBprooHMforob»riiiiiwI«otiii«idI W^u iaitiooiutili-'- " * 
wiw^g^^ proptatw. r aowii tthw ludal Whu are tli* p 
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heen frozen. Its aijecific gravily, at 60° F., ia '720. It 
Toladlizes witlt rapidity, and t^herefsre produces cold. It 
iscombusdble, and buma with tbe evolution of much more 
light than alcohol. The Bpecific gravity of ita vapor is 
2"586. "With oxygeu or atmospheric air it forms an ex- 
plosive mixture, and, kept in contact with air, it becomes 
acid from the production of acetic acid. It dissolves in 
alcohol in all proportions, biit ten parts of water are re- 
quired to dissolve one of it ; it also dissolveg many fatty ' 
Buhetances, and hence is of considerable use in organic 
chemistry. 

Ether is regarded aa the oxide of an ideal compoand. 
radical, ethyle, CfHa which gives rise to a series ot other 



ILtbj]a.CtHt . 
Oifleofefi"'''' 
HydraCsdi 
ChJ^da of 



Tie Ethyle Qnmp. 



= Ae,0. 

==Ae.CL . 
= Ae,B. 
=:Ae,0 + NOt. 
= Ai,0 + NCh. 



The oxide of ethyle, as has just been si 
self. The hydrated oxide is alcohol. 

Ii it lolabte in ws.ter 1 VntX clut> of Iwdiei i 
what anbatutce ii it »a oxide I 

Ee 
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Okloride^Ethylr — HydrocMmic Ether — may be made 
\n Mturating' rectified spirite of wine with dry hydro- 
chloric acid gas, and distilling the result at a low tempei'a- 
ture, conducting the vapor through a bottle of warm wa^ 
ter, B.nd then condensing in a receiver surrounded by a 
freezing mixture. It is 'a colArleoe, volatile liquid, of a 
pecciliar aromatic smell ; the specific gravity is -874. It 
Doils at 52°, and is not decomposed by nitrate of silver. 

Bromide of EthyU [Hydro}^omic Ether) and Iodide of 
Ethyl {Hydriodic £ther) are not of any importance ; and 
the same remark may be made as respects the mlphvret 
and the cyanide. 

Nitrate of Ethyle — Nitric Ether~mB.j be made on the 
small scale by distilling equal weights of alcohol and nitric 
acid with a small quantity of nitrate of urea. The latter 
substance ia used to prevent the nitric acid deoxydizing, 
and giving rise to the production of hyponitrite instead of 
nitrate of ethyle. Nitrate of ethylo ia insoluble in water, 
has a density of I'112, boils at 185^, and has a sweet 
taate. Its vapor explodes when heated. ■ 

Hyponitrite of Ethyle— Nitrous Ether (AeO, NO,). — 
This ether may be made by passing the hyponitrous acid, 
disengaged from one palt of starch and ten of nitric acid, 
through alcohol, diluted with half its weight of water and 
kept cold. It is a yellowish, aromatic liquid, having the 
odor of apples. It boils at 62° F. Its density is 967. 
The sweet spirits of nitre is a solution of this ether widi 
Udebyde and other Bubstances in alcohol. 

Carbonate of Ethyle— Carbonic Ether {AeO, CO,)~ 
niade by the action of potassium on oxalic ether, and distill- 
ation of the product with water. It floats on the surface of 
the distilled liquid, is an aromatic liquid, and boils at 259°. 
■ Oxalate (^Ethyle — Oxalic Ether — prepared by distill' 
ing four parts ofbinoxalate of potash, five of sulphuric 
acid^ and four of alcohol into a warm receiver. The 
product is washed with water to separate any alcohol 
or acid, and redistilled. It is an oily liquid, of an aro- 
matic odor ; it boils at 353° F., and ia slightly heavier than 
water, « With an excess of ammonia it yields Oxamide bhA. 



•W VB iu propertioi ! ' How uu caHxiDio ether, 
mm Bthst made I 
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alcohol. 'W^th a smalls proportioa.of ammoniK and al< 
cohol It yielda Oxamtthati^, V,H,NOs. 

Acetate of ElhyU—Aeetie Ether (AeO, C^f^O,)— and 
FarmiaU of Ethyle—Formic EfAfr [AeO, C^HO,)— are 
irrocuied in a similar manner with tbe foreEoisK, substi- 
tuting in one case acetate of potash, and in ute other 
fonniate of soda. 

jfExottfAtc Ether {AeO, C,tHuOi) is prepared from an 
(Hly liquid which paues over during the disbUation of cer- 
tun wines. It has a poweiiul vinous odor, ia a colorless 
liquid, specific gravity -862 ; it boils at 410° F., dissolves 
readily in alcohol, and gives their peculiar aroma to the 
winea in which it. is found. From it csnanthic acid may 
be obtained by the successive action of potash and sul- 
phuric acid. It is an oily body, becoming a soft solid at 



LECTURE LXHI. 
Dkutatitk Boihsb of Alcohol. — StUpKovinie and Phot- 
phovvnie Acid*.-~-Froductt of SutpKoviiac Add at D^- 
fereiU Boiling Pointt. — The continiunu Ether Procett. 
— The anUinnoia OUfiani Gat Proceti. — Dutch Li- 
quid. — Succettive Substilulioni of Chlorine in it.— Heavy 
and lAght Oil of Wi$ie. — Sulphate of Garbylt and itt 
derivative Acids. 

SoLPBOTMic Aeid—Bittdphate ofEikyU ( C./T. O . SSCt 
-f-^O). — A mixture of sulphuric acid with an equal weight 
of alcohol is to be heated to t^ boiling point, and tlien 
allowed to cool. It is then to be diluted with water and 
neutralized with carbonate of baryta; tbe sulphate of ba- 
ryta subsides. The solution is then filtered, evaporated, 
and, when cpld, the sulphovinate of banrta crystallizes. 
From Ais the sulpfaovinic acid may be obtained by pre- 
cipitating the baryta with dilute aulphuric acid, and evap- 
orating the resulting solution in vacuo. It is a sirupy 
liquid, of a sour taste, giving rise to a series of soluble 
H^ts, which decompose at the bcnling point, as will be pre^ 
ently seen. 
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Plkvtpiavime Aa^ (CtH,0, PO^+SHO) is made on tlte 
aune principles es tba fbragoing, phoephoric acid being 
substituted for sulphuric, awl decomposing the resulting 
buyta salt in the same way. It is a simpy liquid, of a 
sour taste, and diasolTOs in water, alcohol, and ether very 
readily. It is decomposed by heat. 

If Bulphovinic acid be diluted so as to bring ita boiling 
point below^SeiP F,, it is resolved at that temperature 
chiefly into sulphuric acid and alcohol, which distills over. 

If tha bmling point is from 260° F. to 310° F., tbedis- 
tillatioQ results oMefly in l^ production of hydrated sul- 
phuric acid and ediar. 

If; bj die addition of sulphuric acid, die boiling point 
is earned above 320^ F^ dve acdon is more ccnnplez, but 
the chief product which passes over is olefiant gas. 

The oi^nary method of preparing ether is, therefore, 
obviously very disadvantageous, because it b only within 
a pardcular range of temperature that that body ia evolved. 
At first the low temperature yields alcohol, and as the 
heat rises, the mixture begins to blacken and olefiant gas 
to be evolved. 

To obviate diese difficnides, a very beautilul process, 
the continwnu procett, has been introduced. It consists 
in taking a miunre of eight parts by weight of sulphuric 
acid and five of alcohol, specific gj^*^^ '83*. '^ boiling 
point of which is about 300° F. This is brought to that 
temperature, and alcohol of the same density is allowed 
slowly to flow into the mixture, the boiling point being 
steadily kept as near 300° F, as possible, a^ die mixture 
maintained in a state of violent ebullidon. Water and 
ether distill over together, and may be passed through a 
Liebig's condense'; they collect in the (eceiver in sepa- 
rate strata, or, if this does not take place at first, the ad- 
dition of a little water in the receiver insures it. 

In diig manner a very large quantity of alcohtJ may be 
conveited into ether and water bj the action of a Iknited 
amount of sulphuric acid ; and in a similar manner, by ad- 
justing the boiling point so as to be between 320° and 
330° F., olefiant gas may be condnuously obtained. All, 
therefore, that is i^uired, is to convey the alcoholic va- 

Whuii dis compoiition and modet^praparatkiiicif pboapboviiik toidf 
wbatlilliaranikof ths e^ponm <i ma\^o<nms uAi M diffsrant boUios 
PcniMt De«eiib« the coBtimuiu pcooeu Ibr the prapmliaD of adnr. 
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por timing a mixture of oil of viirk)! wit& btilf its weight 
of wator, which has the required boiling point. In uia 
proc^ the acid does not blacken, and it ia fiierefdre much 
more advantageous than that deacribed for the pieparatiou 
of olefiant gas in Lecture LIV. 

Chloride o/OlefiaiU Gai— Dutch Liquid (CJI.Cl,}--' 
ie prepared by mixing equal volutnes of chlorine and ole* 
fiant ga^ in a large glaM globe. It is a colorlesH ui4 fra- 
grant liquid, soluble in alcf^l and ether, but less bo in 
water. It boila at 180° F., and when acted on b>r a so- 
lution of caustic potash in alcohol, it yields chloride of 
potassium and a Bubetance CtH,Ct, Trhich, on being cooled 
by a freezing mixture, condenses into a liquid. This li- 
quid, hnmght in contact with chlorine, absorbfl that sub- 
Mance, and yields a new compound, CtH^Cl, which may 
again be decomposed by an alcoholic solution of potatli 
into chloride of potas«um and a new volatile body. 

There is an iodide and a bromide of olefiant gas, which 
poeaeia a constitation analogous to the chloride. 

When chlorine gas. is made to act upon Dutch liqmd, 
tiiree diSerent substances may be successively formed by 
iha gradual abstraction of hydrogen, and its equivalent 
substitutioD by chlorine. These scfj^stances are as follow : 

Dutch liqaid CiH.CI,. 

(1.) C.H,CT,. 

(S.) CtH.CU 

is.) C. CIt. 

The first and second of these products are volatile li- 
quids, the third Is the perchloride of carbon, in which it ap- 
pears that all the four atoms of hydrogen in the Dutch 
liquid have been remorod, and their places occupied by 
four atoms of chlorine. This perchl^de rf carbon is a 
white, crystallinB body, soluble. in alcohol and ether. Its 
melting point is 320° F, By passing its vapor through a 
red-hot porcelain tube, it is decomposed, yieldii^ C^Cl^ 
and free chlorine, and this again gives rise to tubc/doride 
ofearhon, C,C4,by being passed through so ignited por- 
celain tube at a white heat. The fonner of these bodies 
is a colorless liquid, and the latter a silky solid. 

Heavy Oil of Wine [CJI^O, 280,) may be procured 
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by the deatraetiTie dutillaticm of sulpIicmiiBte of lima, or 
br distilfinr two and a. balf parts of oil of vitriol and one 
of spirit of wine. It is a colortesa liqnidi beariei' ifaan 
water, and having on odor of peppermint. Boiled with 
water, it yields eulphovinic acid, and lAgAt, or Sweet Oil 
^ Tf^iMe, a substance which, after standing a few days, de- 
posits white inodorous crystals of Etherine, C,^. The 
residue, which still remains liquid, ig BtktrvU, C^H,. It 
is a yellowish liquid, lighter than water, and soluble in 
alcohol and ether. 

Sulphate ofCarlyle (CtH,, iSO^) tunas when the va- 

Eor of anhydrous sulphuric acid ia abaorbed t^ pure alco- 
oL It ia a white cryatalline body. . When diaaolved in 
•Icohol, and water added, the solution neutralized by car- 
bonate of baryta, filtered, concentrated, and then mixed 
with alcohol, the Ethionate <^ Saryta predpitatea. This, 
when decomposed by dilute sulphuric acid, yields Hydra- 
ted Ethionic Acid, the constituclqn of which ia CtH^O, 
*S0, + 2HO. £thitMiic acid yields a series of salts, 
many of which can be obtained in crystals. On being 
boiled, aotuiioQ of ethionic acid yields sulphuric acid and 
hethioitie, the peculiarity of which is, that it is isomeric 
with sulphovinic add, both containing CtE[,0, 28Q, + 
HO. 



LECTVRE LXXin. 
OxYDATioN or Aloomol. — The Aeetyle Qrmtp. — Aide- 
hyde.^Iu Prtyjaratunt and Prttpertie*. — Aldehydik 
Acidi—Davy't Flantdeu Lamp. — Aeetai prodmeed by 
PlattKum Black. — Acetic Aeid, ProductitM <^.— -Na- 
ture of the Change Jrmn Alcohol to Aeetic Acid. — S<^ 
<^ Acetic Acid. 

It has been already stated (Lecture LXXI.}, that when 
alcohol is burned in contact with oxygen gaa or atmoe- 

Eheric air, the sole products of the combustion are car- 
onic acid gas and water. But when the oxydation ia 

Umler what ciicanuUiicei doei the heair oil of wioe Ibnii 1 How ia 
nmEoilorwinapnpwedl Whu are ederiue ftnd cthcralsl WIwb 
nie TBpor of uitQwoBi nlphniifl acid u pauflcl into pore alccafaoJ, what Is 
fwmnUI nnr aro edueaic and iieChiaaio udds prapaMd r 
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paidal, the hydrogen is remored bj^ preference, and a new 
•eries of bodies is the result, deeignated as 
Tlie AcHsle Beritt. 
Oxirfeof ---—'- 



, =A;0. 

HydrUed oxide of scatyle [»ldehydB) . . = AcO - 
Acetyloni «dd (Bidehyd- "' '" 



icO 4- HO. 

, _ AeO,XHO. 

Aeedcacid .......... . = >*i:0, + HO. 

Acetyle is an ideal body, difiering from ethyle by con- 
taining only three ttoma cf hydrogen instead of five. Its 
wcide, also, has not yet be^ insulated. 

Hydrated Oxide of Acetyle— -Aldehyde^-raAj be ob- 
tained by distilling two parts of the compound of aldehyde 
and ammonia, dissolved in two parts of water, with a mix- 
ture of three of oil of vitriol and four of water, and redis- 
tiUing the product from chloride of calcium at a low tem- 
perature. It is a colorless liquid, of a suffocating odor. 
Its density ia -790, its boiling point 72° F. It is soluble 
in water and alcohoL 'It slowly oxydizes in the air, and 
more rapidly under the influence of the blaclc powder of 
platinum, producing acetic acid. Heated with caustic 
potash, it yields aldehyde resin, a brown body of a resin* 
OU3 aspect Aldehyde has received its name from the 
circumstance that it contains Ae elements of alcohol nit- 
MM* two atoms of hydrogen (Alcohol Dekydragenatus). 

When pure aldehyde is kept for a length of time at 
33" F. in a close vessel, it yields Elaldehydt, a substance 
isomeric with itself, but possessing different properties, 
the specific gravity of its vapor, for example, being three 
times that of the vapor of aldehyde. Fif.vn. 

From it there is also produced, at com- 
mon temperatures, a second isomeric 
body, Moaldekyde. 

Aldehydie Add may he obtained by 
digesting oxide of silver with alde- 
hyde, and precipitating the metal with 
Bulphureted hydrogen. It contains 
one atom of oxygen less than acetic 
acid, and is one of the products of the 
■low combustion of etfaet in Davy's - 
flamelesB lamp, which may be made 

Wliat UacBtals! How ii aldeh^e nrnniiBcll WbM ire its pniiei^ 
ti«i 1 Fron wbit it in uuue denred ' trnder what circnmnuiCBa do 
•UldabTda ntd meUUelTile fiuni 1 What li Dvrj'a frnntlmif lamp 1 
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hj potting & small tfimtitj of etlier in ajar (F^. S70, 
page 331), aod auapeDding in the vapor, as it mixes with 
otmoepheric air, a coil of plaiina wire which has recently 
been ignited. The wire remains incandescent as long as 
any ether is prasent. The same result is obtained by 
putting a spiral of platina wire, or a ball of apongj pla- 
tina, over the wick of a spirit lamp, the lamp bemg lighted 
for a short lime, and then blown out ; the platinum . eon- 
dnues incandescent, evolving a peculiarly acrid vapor. 

Aeetal [0,11,0,), containing the eleotents of ether and 
aldehyde, la produced by the osydation of vapor of alco- 
hol by black powder of platinum, the alcohol being placed 
in a jar, with moistened plalinum black in a capsule above 
it. In the course of several days the slcoW will be 
found to have become sour ; it is then to be neutralized 
with chalk and distilled. Chloride of calcium separates 
an oily liquid &om the distilled product. This, on being 
distilled at a temperature of 200° F., yields acetaL It is 
a colorless and aromatic liquid, tighter than water, and 
boiling at 203° F. It yields, under the influence of an 
alcobdlio solution of caustic potash, by absorbing oxygen 
liom the air, resin of aldehyde. 

Acetic Acid^~Pyroligna»u Acid — Vmegar (Ctff,0,+ 
^O).— When dilute alcohol is dropped on platina black, 
oxydation takes place, and the vapors of acetic acid are 
formed. On the large scale it is also 
formed by allowing a mixtur* of alcohol, 
water, and a small quantity of yeaat, b. 
Fig. 271, to flow over wood shavings 
I I which have been steeped in vinegar con- 

I tained in a barrel through which atmos- 
I pheric air is allowed to circulate by the 

apertures c e c. The temperature rises, 
and the acetificadon goes on with rapid- 
ity, the product being collected in the re- 
ceiver, d. Vinegar, also, is formed by the spontaneous 
souring of wines or beer containing ferment, and kept in 
a cask to which atmospheric air has access. During the 
destructive distillation of dry wood, acetic acid (hence 
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catted pyndigneooa acid) in so iivpnr« itste ii found 
among the products. 

The atxoDgeat actldo acid msj be made by diMilling 
powdered udiTdnHia acetate of aoda with three times ita 
weight of oil of vitriol. The produet is dien re-aLiBtilled, 
tmd exposed to a low temperature, when cryatalB of hy- 
drated acetic acid fimn ; the fluid portion is poured crfT, 
and the crisis suffered to melt. It is a colorless liquid, 
which cryetallizes below 60° F. ; has a very pungent odor, 
and, placed on the skin, blisters it ; bcols at 248° F., the 
vapor being iuflammable. It dissolTes is water, alcohol, 
snd ether ; and in a less pore state, as vinegar, its taste, 
odor, and applications are well known. If its constitadoa 
be compared with t^at of alcohol. 



. CtH*Ch. 



it is Men to difier finm that aabstance in tbe circunutanca 
that two hydrogen atoms have been removed from the al- 
cohol, and their places taken by two oxygen atoms. Hence 
tba varioua processes for its prodaction are easily ex- 
plained. Acetic acid gives rise to several important salts. 

Acetatea/Potaih {KO,CMtO,) is obtwned by neutraliz- 
ing acetic a(^ with carbonate of potash, evaporating to 
dryness, and iiising. This salt is very deliquescent, and 
has an alkaline reaction. 

Acetate of Soda ii made on the large scale by saturating 
the impure pyroligneous acid formed in the destructive 
distiUation of wood, with lime, and then decomposing the 
acetate of lime with sulphate of soda. The sulphate of 
lime precipitates, the soration being crystallized, and the 
crystals subsequently purified by draining, fusing, solu- 
tion, and re-crystallization. The crystals effioresce in the 
air, and are soluble in water and alcohol. 

Acetate )^ Ammonia — ^lirit of Minderertu, — The solu- 
tion is made by saturating acetic acid with carbonate of 
ammonia, and the solid by distilling acetate of lime and 
hydrochlorate of ammonia; the acetate of ammonia passes 
over, and chloride of calcium is left. 

Acetate ^Alumina is made by the decompoeition of a 

WliaC cliuige does alcobol ondergo fn pasflrng into flc«tic Bcid T Mea* 
tioa KUtis of Ih« nura mi)»naat (Hits of iiceiic add. Bow i) th« aceUM 
of loda Duda I What ii tbe (pint of Uiudcrurui I 
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■olutioii of 1111111 hj acMata of lead. It is tmtch naod bj 
dyan as a mordant. 

AeetaUi eflMtd. — Itt. Netiirt^ AcetaU {Sugar of Lea^ 
iBM.y be made by diasolTinB litharge in acetic acid. It 
occurs in colorless prismatic crystals, and also in crys- 
talline masses. It has a sweetish, astringent taste, &om 
which its commercisl name is derived. It is soluble in 
about its own weight of cold water. The crystals efflo- 
resce in the air. 2d. Suhacetata of LtM^—S«§quiiaMe 
AxxtaU — is formed by pardslly decomposing the aeutnl 
acetate by heat. Its lototion is knows as Omilard't Wo- 
Ur. Two other subacetates may be made by the action 
of amtnonia on the neutral salL Their solutions have an 
alkaline reaction, absorb carbonic acid &om the air, and 
give rise to a precipitate of the basic carbonate. 

AeetaUt of Cky^cr.-~\s,x. Neutral Acetate — Dittilkd 
Verdtgrit — made by ditsolving verdigris in hot acetic 
acid. On coolinff, it yields green ciystala, soluble both 
in water and alconol. ' It is used as apalnL 2d. Bibatic 
Aeetatet tf Copper — VerdigrU — may be made by the ac- 
tion of vinegar and air conjointly on metallic copper. 
Verdigris is a mixtore of several Acetates, one of which 
may be obtained by <l^:eflting it inwum water ; a second 
arises on bdUng this ; the insolnl:^ residue of ilieTerdi^ria 
contains a thiiS, 



LECTURE L2SIV. 
DntVATiVEs or Aczttle. — Tbb Kakooxlb Gbodv. — 
C&loracetic AeiSi — Aoetoite. — Chiordl and .Hiravy Mth 
riatic Ether. — Sicbttievtiotu of CUoriite m Light Mu- 
riatic Ether. — Bilphur-alcohol. — Ite Bdatioiu to Mer- 
airy.—XaiUhie Add.— The Klthod^ Gra^f—Oxide. 
—Chloride.— Kakodylie Aeid. 

Chlokacetic Acid{CiHOi(^. — Tbb remarkable body 
is formed when a small quantitjr of crystallized acetic 
acid is exposed to the Bonahine m a jar-foil of chlorine 
gas. The crystals which form on the maide of the vessel 

-Vor whM purpoM ij acetate of ■lumiiu need 1 Wbat varietiM of xw- 
tats of lead ara thera, and how an tbey formed t Wbat ara the variatiM 
oraoMataofcoppart How u cUomebc add made T 
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are to be disaolved in water, and ibe solntton eraporated 
in vacuo with capsules, containing caustic potash and oil 
of vitriol, A little oxalic acid is fint deposited, and then 
the chloracetic acid crystallizes as a colorless and deli- 
quescent body, with a pownrfiilly acid taste, and capable 
of corroding the skin. It melts at 115° F., and boils at 
SdO'^. By comparing its constitution with that of acetic 
acid, it will be seen tkat in its formation three atoms of 
chlorine have been substituted for three of hydrogen. It 
yields an extensive series of salts. 

Acetone — Pyroacetie Spirit ( CjffjO) — may be made by 
passing acetic acid vapor through a red-hot iron tube, 
Or by the distillation of dry acetate of lead. It is a lim- 
pid, colorless, and volatile liquid, boiling at 138°, huma 
with a bright flame, and is soluble in water and alcohol. 
Nordhaosen oil of vitriol, distilled with acetone, abstracts 
&om it one atom of water, yielding an oily body, the con- 
aiitation of, which is C,H,; it is lighter than water, and 
has an odor of garlic 

Sir R. Kane considers acetone to be the hydrated ox- 
ide of an ideal radical, Mentyte, CtHi, and has been able 
to produce the oxide and chloride of meaityle. Zeise also 
discovered a compound coneisting of the oxide of mesityle 
and bichloride of platinum. * 

Chloral (C,2fC^0,).— "WTien dry chlorine is passed 
into anhydrous alcohol, and the action finished by the aid 
of heat, hydrochloric acid is produced ; and on its ceasing 
to appear, if the product be agitated with three times its 
volume of oil of vitriol, and the nuxtare warmed, an oily 
Uquid fioats on the acid : this ia chloral. It may be puri- 
fied by successive distillatitm &om oil of vitriol and quick- 
lime. It is an oily, colorless liquid, which causes a Sow of 
tears, leaves a transient greasy stain upon paper, has a 
density of 1-602, boils at 201'^, is soluble in water and al- 
cohol; ityieldsnoprecipitate with nitrate of silver. 'When 
kept for a length of time in a sealed tube, it spontaneous- 
ly oecomea a white, solid, insoluble chloral. In this con- 
dition it is little soluble in water, and reverts to its other 
state by being warmed. 

If chlorine acta on alcohol containing water, heavy ]^t- 

Wbat ii ths retmtiraiihip between acetic todcUoncetic scid f Wbrf 
\t the laoiit of prepuing- pj 
im Meni I IToder wbu cv 
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rialie Slitrif Jbrmed. It is a colarless and rolatile 
liquid 

The action of chlorine upon common ether, and also o 



_._e compound ethers, ia -vbtj IntereHtine, It conaists in 
the graanal removal o£ hydrogen, chlonae beinj substi- 
tuted for it. ThiB, in many inetances in which the ud of 
the sunlight is resorted to, terminates in tiie entire re- 
moval of the hydrogen. In the compound ethers it is the 
basic hydrogen which ia removed, while that of the acid 
escapes, as in the case of chlomreted acetic and cMorHreted 
forme ethers. When the vapor of light hydrochloric 
ether ia acted upon by chlorine gas, a complete seriee of 
compounds may be obtained, Uie hydrogen eventually 
disappearing : 



C,H,CI, i 
TiidilDniniUd " " . ■ C^CUi 

&i>dri<:liioniNMd " " . . C,HClt; 

PeRlJloridfl of cnriiDn .,.,..' C^ Ch; 

furnishing, therefore, a very striking instance of the doc- 
trine of substitution. 

Mereaptanr-~Svlphw-alcohol {CJI^S^ — is prepared by 
saturating a solution of caustic potash, Specific gravity 
1-3, vrith Bulphureted hydrogen, and disdllmg it with an 
equal volume of Bulphovinate of lime of the same density. 
It passes over with wiiter, on the surface of which it 
floats as a colorless liquid, specific gravity "842, soluble 
in alcohol. It boils ?t 97'^, smells like onions, and bums 
with a blue flame. Mofcaptan corresponds to alcohol in 
which all the oxygen has been replaced by sulphur; but 
in its action on metallic oxides it answers to thehydruret 
of a compound radical, C,H,8,, Thus, with peroxide of 
mercury, it forma a mercaptide with the production of 
water; and this may be decomposed by sulphurated hy- 
drogen, Bulphuret of mercury subsiding, and mercaptan 
being reproduced. Mercaptan derives is name from its 
Mrong affinity for mercury [Mereuriam Captatu). 

Xanthie Acid { CeHtS, O + HO). — Hydrate of potash is 
to be dissolved in twelve parts of alcohol, specific gravity 
•800, and bisulphuret of carbon dropped into the solution 

Duciibs the moceuive aclian o[ cUoriiu upon ather. What remiA. 
able qnalitiai doei msn:B.pUiipaa3eBi 1 How ii it prepuedT From 
VHt K iU name derired f wW ii tbe proceis lor preparing xaulhio 
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until it ceasea to hsve an alkaline reaction. On cooling to 
Kero, the xanthate of potash crystallizes : it ia to be dried 
ia vacuo. It is soluble in water and alcohol, but not in 
ether ; and from it xanthic acid may be procured by the 
aedon of dilute hydrochloric acid. Xanthic amd la an 
oily liquid, faeaTJar than water, which lirst reddens and 
then bleaches Ucmus pap^r. At 75° it is decomposed 
into alcohcJ and biau^huret of carbon. It is also decom- 
posed by the action of the air. 

Rakobylb {CJStAt = Kd) is a compound radical^ 
which gives lise to an extensive group of bodies, in which 
it acts the part of a metal 

TU Kaiodflt Ormip. 

Ktkaiyla. CiHkAM. =Kd. 

Oxide of kkkodjla =KdO. 

Chloride '■ " =KdC' 

Iodide " = Kdl. 

golpbimt " 3= Kris'. 

Ac Ac. 

Kakodyle may be obtained by decomposing the chlo- 
ride of kakodyle with metallic zinc in an apparatus filled 
Mth carbonic acid gas, and may be purified by re-distil- 
lation irom zinc, similar precauUons being taken to ex- 
clude atmospheric air. It is a colorless liquid, of a poW' 
erful odor, taking fire on the contact of air, oxygen gaa, 
or chlorine; boils at 338°, crystallizes at 21°, and is de< 
composed by a red heat into olefiant gas, light carbureted 
hydrogen, and arsenic. 

0xt4e of Kakodyle — AUcartine — Cadet's Fuming Liquor 
■— ia prepared by the distillation of acetate of potash aiid 
arsenious acid, receiving the products in an ice-cold vessel 
the temperature being finally carried to a red beat. The 
oxide cornea over in an impure state, sinking to the bot- 
tom of the other products. It is to be decanted, washed 
vrith water, boiled, and then distilled in a vessel fiill of 
hydrogen from hydrate of potash. It is a colorless li- 
quid, specific gravity 1-462, boils at 300°, and solidifies at 
9° ; is sparingly soluble in water, but more so in alcobolj 
is excessively poisonous, possessing a concentrated smell 
like garlic. Heated in the air, it bums, producing car-, 
bonic acid, water, and arsenious acid. 

Chloride of Kakodyle maybe procured by the action of 



rNpared, uid wbUars its prapertit. 
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ft dilate soliiti<ni erf eorroeire subliniate on a dUai« aico 
holic loIulioD of oiide of kakodyle ; a white precipiUite 
fells, which, distilled with strong bjdrochloric acid, yields 
corrosiTe sublimate, water, and the chloride of kakodyle 
paasee over. When purified by chloride of calcium, aod 
(U^illed in an atmosphere of carbonic acid, it is a color- 
less liquid, of a dreadfiil odor.heaTier than water, and in- 
■oluble therein, but soluble in alcohol. It is very pwson- 
OU8. It boils at about 812°, the Taper taking fire in the 

Kakodylic Acii—Alcargen {Kd . 0,)-~maj be made by 
&e action of o»ide of mercury upcm oxide of kakodyle un- 
der tbe Huifece of water,.at a low temperature. Kakodylic 
acid forms cryetala which deliquesce in the air, are soluble 
in water and alcohol, but not in ether. It is not acted utkmi 
by oxydiziiw agents, such ss nitric acid,_but is reduced to 
oxide of kakodyle by several deoxydizing bodies. It is 
notpoisonouB. 

K^odyle furnishes a complete series of bodies : the 
iodide, sulpfauret, cyanide, and a aubatauce isomeric with 
dte oxide, which bas the name of parakakodylic oxide. 



LECTURE hXXy. 

XaxWooD-SriRTT Group. — Methyle. — Its Oxide and Hy- 

drated Oxide. — Sail* of Meihyle. — Formic Acid, natn- 

rai and artificial Production of. — Derivatinu of Wood 

Spirit. — Siibititvtums ofChlonne in. Oxdde of Methyle. — . 

SuitlitutioHt in Chhntde of Methyle. 

In the deBtructive distillation of wood in the prepare 

tieu of pyrofigneous acid, there passes ovec a.body to 

which the name of wood spirit has been giTeh- Tlua ia 

the hydrated oxide, or alconol of an ideal oompoHiid rad- 

i^, passing under the name of metliyle. 

Tkt tfelkfb Qroap. 

MettylB, CM, = Mi. 

Oxide cf methjU ....:= ileO 
Hvdrated oxide =MeO + HO. 

Ctlmido = MeCL 



i* wood ipiriC produced 1 Wh&t ii 
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Oxide of Mtthyle — Mtlkylie Ether — Wood Ether 
{CJIjO). — This Babstance is made from the hjrdrated ox- 
ide on tfafl aaine principle that ether is obtained from al- 
cohol : one pert of wiwd spirit and four of oil of Titriol 
being hsUed is B flask, the vapor is pamed through a Binall 
quantity of caustic potash solution, and received at the mer- 
curial trough. It ia a permanently elastic gas, colorless, 
and has a specific gravity Sf 1-617, bums with a pale flame, 
ia 1WJ soluble in water, which takes up thirty-three times 
its vfunme of it, and yields it unchanged, when heated. 

HgdraUd Oxide of MethyU~Wood Spirit— Fyroxylie 
Spirit — may be separated irom crude wood vinegar by dis- 
tillation. It passes over vrith the firat portions along with 
a little acid, which, being neutralised with hydrate oilime, 
the wood spirit may be separated from the oil which floats 
on its surface, and redistilled. The product thus obtained 
may be rectified in the same mann«' as common alcohol, 
and rendered anhydrous by quicklime. It is then a color- 
less liquid, of a hot taste and peculiar smell. It boils at 
152°, and has a specific gravity of 798 at 68°. It is sul- 
ubla in water, dissolves- resins and oils, and may be burn- 
ed like B[Hrit of wine. It then exhales a peculiar odor. 

Chloride of Methyle (^MeCl) may bo moAe from the re- 
action of sulphuric acid upon common salt and wood 
Bjarit. It is a colorless gas, which may be collected over 
water; has a densi^ of 1-731, It has a peculiar od of, is 
inflammable, and may be decomposed by passing through 
a red-hot tube. 

Stdpkate of Oxide ofMctkyle {MeO. SO,) maybe pre- 
pared by distilling one part of wood spirit with eight or 
ten of oil of vitriol ; the product is to be washed with 
water, and redistilled from caustic bar3rta. It is an oily, 
neutral liquid, smelting like garlic ; specific gravity 1-324, 
It boils at 370°. It is not soluble in water, but is decom- 
posed by that liquid, e6pecially at the boiling tempeiatore. 
into sulph«nethylic acid and hydrated oxide of ">™'^ : 
It is to be observed, that in the seriee of wrne aloo** 
tbere is no compound ccHresponding to tliiB. . 

Nitrate of Oxide of JM^ (MeS^JVO^)^BjobW;«^^^ 

Si SrSe wiMWie.. i. tbW8 inj oompoand «n«los<«u. » r>l?*>»^ 
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die acdoa of « mixttfre o£ #0od flpirit and oil of vitriol 
upon nitrate irf potaali. It is a cotorlesa liquid, heavier 
than water ; boils at 160° ; burns with a yellow flame. 
Its vapor explodes when heated. In a Bolation of caustic 
potasfi, it decomposes into nitrate of potash uid wood 
opiiiL 

Oxalate of OasiAt of-MetkyUiMeO, C^O,) is made by 
distilling oxalic acid, wood epim, and oil of vitriol. The 
liquid which is collected is allowed to evaporate ; it 
yields crystals of the oxalate. When pure, it is colorless ; 
melts at 124°, and boils at 382°. It is decomposed by 
hot water into oxalic add and wood spirit, by solution rf 
ammonia into oxamide and wood spirit. 

8idph<metJii/lK Acid {MeO, 2S0, + HO), the com- 
pound corresponding to sulphovinic acid, and prepared 
in the same way, by substituting wood spirit for alcohol. 
It is thus procured as a sirup or in small crystals, solu- 
ble in water and alcohol It is an instable body, and pos- 
Msses many analogies with sulphovinic acid. 

Formic Acid ( <XffO, + HO). — This acid, in the wood- 
Bfnrit series, is the analogue of acetic acid in the alcohol 
series. It maybe procured on principles similar to those 
involved in die preparation of acetic acid, as by the f^nA- 
ual oxydation of the vapor of wood spirit iu the air under 
the influence of black platinum. In a dilute state it may 
be prepared by distilhng one part of sugar, three of per- 
oxide of manganese, and two of water, with three parts 
of sulphuric acid, diluted with an equal weight of wa- 
ter. The liquid which distills is to be neu^tzed by 
carijonate of soda, purihed by animal charcoal, and redis- 
tilled along vrith sulphuric acid. It occurs naturally in 
the bodies of red ants, and hence has obtained the name 
of formic acid. From the distillation of those animals it 
was originally procured. 

Anhydrous formic acid (CtHO,) obviously contains 
the elements of two atoms of carbonic oxide and one of 
water. It yields two hydrates, respectively containing 
one and two atoms of water. The firat, for which the 
formula has already been given, is procured by the ac- 

te obUioed, imd whu are ita ^lopertiei 1 Deicribe tbs 



ptBpintioii of flw oxalate and of aatpha-methjlic . 

•Wation aCtmnkvadl How i« itpiocnrodT From wha 
la iti naiB« derircd J What are ita propeitiea 1 
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tion of sulphureted hydrogsar on fbrmiate of lead. It is & 
colorless liquid, of a stroue odor; boils at 212°, and crja^ 
tallizea below 32°. It is infiEtrnmBble, and has a specific 
gravity of 1-235. It blisters the skin. Formic acid yields 
a complete series of salts, 

CkioTvfifrm {CiHCl^ ia mad^by distilling wood spirit 
with a solution of chtonde of lime. It i« a colorless liquid ; 
specific gravity 1'48 ; boils at 141°. It bums with a 
green flame, and is decomposed by an alcoholic solution 
of potash into chloride of potassiom and formiate of pot- 
ash. The relationship between fdrmic acid and cfaloro- 
form is obvious : it consists in the subBtitution of three 
' atoms of chlorine for three of oxygen. Thvre are also 
two analogous compounds : 

BnHDoGanu C.HBr,. 

lode^ma C,HI,. 

Formomethylal ((7,^0,) is prepared by distilling wood 
spirit, oxide of mangaaese, and dilute sulphuric acid. On 
saturating the product vrith potash, formomethylal sepa- 
rates as a colorless oily liquid : specific gravity '855 ; 
boils at 107°, and soluble in water. 

Methyle-mereaptan. — Formed as the common mercap- 
tan, by subadtuting sulphomelliylate of potash for sulpuv 
vinate of Ume. It is analogoi^s to common mercaptan. 

When chlorine is made to act on the oxide of methyle 
at common temperatures, it removes one of the hydrogen 
atoms ; and by continuing the action, a second may be 
taken away, and the process of substitution, as shown in 
the following series, may be carried so far as to end in the 
removal <tf oxygen and the prodnction of chloride of 
carbon. 

Oxide of meA;ls C,H,0. 

lit iDbatitation C.H.O, Ct. 

ad " C.HO.CU. 

3d " c, o.a,. 

AO, " (cUDrideotcDrbon). C, CU- 

Other methylic compounds furnish similar series, thus : 

Chloride of icolhylo C,H,Cl. 



■abitiCatioD CtHtCIf 

(chlorolbnn) C,HCI,. 

(chloride of Milioi.) . . C, CT,. 



low ii cbloTDCona obtaioed I 'What u the proceu bt prepuing &>r- 
methylalT Deacribe Ibe aertei of inbititDtiaiuor chlorine (m the oicida 
aetiiTle De«cribe the uuUogoni aubelilatioDi Willi chloride of niedi;)* I 

Ff2 
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LECTURE LXXVI. 

Tbe Potato Oh Qrobf. — Ftuel Oil. — Chloride of 
Amylt. — Sviphamylio Acid. — AmSe». — Rdatioiu of 
Valerianic Add. 
The Benzvlb Grou?. — Oil of Bitter Mnumdi. — Benzoic 
Acid. — StilpkabenMie Acid. — Chloride of BenzyU. — 
BtKiamide. 

Ih the diBtiHation of brandy from potatooB, a volatile 
tril pasBoa over. It U regardea as the hydrated oside of 
an ideal compoaDd radical, nhich passes under the name 
of Amyle, having the constitation CioH,i. 
ThtFaHUo OH Orottp. 

Anyte, Cittffii . . .=AyL 

Amyle etber = AylO, 

Anijle «lmliol (potato rf) =AvlO + HO. 

ChlDciaeofunyle =AylGL 

^. - &c. 

AmUen Cioffio. 

VileiUuic add CysHvOt. 

Of these, amyle and its oxide, amyle-ether, are ided. 

Hydrated Oxide of Axtyte-^ Amyle Akohol— Potato OA 
— FtttdOiH^CtM„0+HO). — This substance passes over 
toward the end of the Urst distillation of potato spirit, and 
communicates to it a milky aspect. On standing, it floats 
on the surface, and may be purified by washine with wa- 
ter, drying with chloiide m calcium, and rediatJllaiion. 
It is a fluid oil of a suffocating odor, which acts power- 
iully on the animal system. Its specitic gravity is 'SIS; 
it boils at 369°. 

Chloride of Amyle (AylCl) is made by distilling equal 
'weights of potato oil and perchloride of phosphcnnis, wash- 
ing with potash water, and redistilling &om chloride 
of calcium. It is an aromatic liquid, boils ai Slfi°; and' 
hums with a green flame. Under the influence of flttn- 
shine, eight of its hydrogen atoms may be removed, eight 
chlorine atoms being substituted for them, C,bH,,jOI yield- 
iug C,aHiCl„ forming chlorureted chloride of amyle. 

^VIiBt ii the iiDBgiiiar}' radical of the potato cril graap 1 ' 
njnwe^aodrelatioiurf fSaeloill What are the propartiei t 

D,gniod.,GoOglc 



. _ie pmpartiei of the chkaida 



VAI.EU11T10 AOID, 848 

The Iodide and Bromide ^Amj/U ara compounds anal- 
ogona to the chloride. 

Acetate of Oxide of Amyle is obtained bj dbdlling acA- 
tate of potash, potato -oil, and salphuric acid. It is a col- 
orless liquid, which boila at S57°. 

SvipKamHic Acid {AylO, 2S0^+ O) is generatod 
when sulphuric acid is mode to act on an equal weight o£ 
potato oil. From this, by the succflBsiva action of car- 
bonate of baiyta and sulphuric acid. It may be procured 
by operating on the same, prin^ples as ior aulphovinic 
acid, to which, both in constituttA and propertieB, it is 
the analogue. It is a sirupy or crystaQine body, and is 
decompoeed by efaullitioa into potato oil and sulphuric 
acid. 

AmUen { Ci^Hi^ is obtained by the action of anhydrous 
phosphoric acid on potato oil; it is an oily liquid which 
boils at SSO'^. la constitution and position it, therefbra, 
occupies, in the amyle series, the aame situation that ole- 
fiant gas does for the wine alo^ol series, and, indeed, ii 
isomeric with that body. 

Valeriaiiic Add [ C,^,0,) bears the same relation to the 
amyle group which acetic acid does to the wine alcohol 
group, or formic acid to the wood spirit group. It is 
formed when warm potato oil is dropped on platinum 
black in contact with the air. It occurs naturally in the 
root of the Valeriana O0cinalii,hat lAbeet made by heat- 
ing potato oil in a flask, with a mixture of quicklime and 
hych-ata o£ piftaah, for naveral hours at a temperature of 
400°. The white residue is. immersed in cold water, and 
distilled with a slight excess of sulphuric acid, so as to 
drive off hydrated valerianic acid and water. It is a col- 
orless oil of an acid taste, combustible, and boiling at 347'^. 
When acted npon by chlorine in the dark, and the action 
aided by heat, it gives rise to Chlorovateriiic Acid IC,qH^ 
ClsO, + SO), in which there has been a remoral of three 
hydrogen atoms and a substitution of three of chlorine. 
Under the influence of the sunshine, by the same process, 
another hydrogen atom is removed, and Chlarovaleronc 
Acid forms, its couBtitution being CiaHtCl^O, + HO. 

To nfcat iBbatuice ii inlpheroilie scid aaiotixal WliBl reiatioa Is 
(bBTBbetweeDUnaenuuioleflurtBMl Wh.t ii Ifca relstioD betwera 
scetic aod Yalerianic acid* I Fnnn whst Tiatnral Kom may ttio latter b» 
denredl How ia itniide Ktifida% ! What U "^ 
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39» Benxyle Grvnp. , 

BtDtjiB. ChHiO, =St. ^ 

Biuret of benzyte =Sx4-ff. 

Oxide of beoiyle (beiuoic add) . . . . ^ fix -4- O. 

Chloride . . .=fla4ci 

&e. ■ *c. 

Of thifl Belies, benzyle, the radical, is an ideal body. It 
is a radical which discharges the functiona of a meUklllc 
body, riving rise to oxides, chlorides, iodides, &c., o« tl)0 
table shows. 

, ^dnireto/Be»zyl^Oilo/BiUerAlnumdi{BzJi)--i» 
obtained by the distiUation oi bitter almoDdB, from wiach 
the fixed oil has been expressed, with water, and arises 
from the action of the water upon Amygdaline coDtatned 
in the seed. It may be purified by distillation from pro- 
tocUoride of iron with hydrate of lime in excess, and is a 
colorless liquid of an agreeable odor, slightly heavier than 
water, and also slightly soluble therein, but very soluble 
in alcohol and ether. Tt boils at 356°. In the air it pass- 
es into benzoic acid by absorbing oxygen. 

Oxide of Benzyle— Benzoic Add {Bz O -f- JIO).— This 
«cid is obtuned by sublimation from gum benzoin, that 
substance being placed in a shallow vessel, over the top 
of which a cover of filtering paper is pasted, and this cov- 
ered by a Caller cylinder of stouter paper. On heating, 
the vapors pass tlux>ugh the filtering paper, and, condeos- 
ing in featheiy crystals in the space above, fall down upon 
the paper and are retained by it. A better method is to 
boil a mixture of the gum with hydrnte of lime, filter, 
concentrate the solution, add hydrochloric acid, end the 
benzoic acid crystallizes in thin plsies on cooling. It.may 
be subsequently sublimed. When pure it has no odor. 
It melts at 212°, and boils at 4620. itg vapor excites 
coughing. It is much more soluble in hot thaa in cold 
vratet. It forms a series of salts, and is sometimes used 
fttr the separation of iron fi^m other metals. 
^ Svlphobenzoie Acid (C,,H^O„ SO, + 2HO), a bibasic 
acid, formed by the action of anhydrous sulphuric acid 
npon benzoic acid, the mass being dissolved in water and 
neutralized by carbonate of baryta. On filtering, and add- 

vnxt is the ridicil of tbe beniyle leriei T WhM ia m\ oT bitter al- 
mondil From whet labituice doea it eiiiel Wbac ii benzoio add I 
By wh.t pixice<se* mey it 'be nrepered 1 Wliat ii the procMi fiw pre- 
P"uig .nipbobenioic ecid 1 "^ 
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iii^ bydrochlonc acid to the hot solution, on cooling the 
euTphobenzoata of baryta cryBiallizes, which may b« de- 
composed by dilute sulphunc acid. It is a white crystal* 
Hoe maaa. 

Chloride of BenzyU (BzCt). — When chlorine gas is 
passed throu^ oil of bitter almonds, hydrochloric acid is 
fDnned,and, after expelling the excess of chlorine by heat, 
chloride of beazrle remains. It is a colorless liquid, of 
a disa^eeable odor, heavier than water, combustible, and 
decomposed by boiling water into benzoic and hydrochlo* 

Benzamide ( C,t^NO^ is formed by the action of chlo- 
ride of benzyle on dry ammonia,the hydrochlorate of ain- 
Eoonia being removed from the reeulting while mass by 
cold water. From a solution in boiling water, the ben- 
xamide crystallizes. It melts at 339^. It corre^>onds 
in its chemical relations to oxamide. 

Sydroitenzamide {C„jH]jJV,), made by the action of pure 
oil of bitter almonds on solution of ammonia, the product 
being washed with ether, and from its alcoholic solution 
this substance crystallizes; but when in4>ure almcmd oil 
is employed, three other compounds may be obtained : 
they are benzhydramide, azobenzoyle, and nitrobenzoylei 



LECTURE LXZVII. 
Th» Saiiotlr and Cinnamtlk Qaoim. — BeHzotne, Sas- 

gtme. Benzine. — Hippurie Add. — THzSALicTLKG^or. 

— Artijieiai Formation of Oil ofSpiraa. — CompMmdt 

af8<dieyh. — Melanic Acid. — The Cinnauyj.k Gkoup. 

— CompoitTid* of Ciimam^e. 

Benzoine (Ci,£r,0,), a body isomeric with bitter al- 
mond oil. It ia found in the residue after purifying that 
oil from hydrocyanic acid by distillation m>m lime and 
oxide of iron, and may be obtained by dissolving out those 
bodies by hydrochloric acid. It crystallizes from an alco- 
holic solution, on cooling, in colorless crystals, which melt 
at 348^^. It dissolves in an alcoholic solution of caustic 



DigniodD, Google 



SW SUIFATITBS or BBNEYLS. 

potaab, triiicb, by boiliDg tmtU the violet color hu disap- 
peared, fimiBhes benzilate of potaeb, a aalt &om wbicb 
bensilic acid may be obtaioed by bydrochloric acid. The 
constitution of Benzilic Add is C^^O* + HO. 

Baixtme {CitHiO) ia obtained by ^e distiUati<m of dry 
benzoate of lime at a bigb temperature, carbonate of lime 
remaiuDg bebiDd. Tbe decomposition U intereating, the 
benEoic acid atom being divided, and yielding benzene 
and carbonic acid. 

c,^a... = ...c,»H;o+ cOf 

Be»xine (C,,^) arises wben cryfitallized benzoic acid 
is distilled from hydrate of lime at a red beat It is an 
<Hly liquid, and, after being separated from the water vrhieh 
comes over widL it, is to be rectified. It boils at I87<^, so- 
lidifies at 32°, and is lighter than water. In its formatiiMi 
the hydrated benzene acid is resolved into benzine and 
carbonic acid. 

C,JI,0, ... = ... Cu^+2(C0,). 

Hu^hoiatxide {CaH,SO,) is formed by taking the bu^ 
stance which arises from the union of benzine with anhy- 
drous sulphuric acid, and acting upon it with an escesa 
of water. The sulphobenzide, which is insoluble in 
that liquid, may be obtained in crystals from its ethereal 
solution. It melts at 212° F. From the acid liquid from 
which it has been separated hypoaulphobenzic acid may 
be obtained. Its constitution is CaH^S,Of+HO, 

Nitmbenzide (CaH^NO,), produced by die action of 
Aiming nitric acid on beneine, vrith the aid of heat. It is 
an oily liquid, of a sweet taste, heavier than water, and 
boiling at 415°. From it Axobenxide (C„fi,JV) may be 
obtained by dbtillation with an alcoholic solution of caua- 
tic potash, in the form of red crystals. 

UMorbmxiHe{C„HtClg) is formed by the union of ben- 
zine and chlorine in the sun-rays. When distilled, the 
solid yields hydrochloric acid and a liquid, Chlorbtitxiie 

Hippwie Acid {OaH^O^+HO) is found in dio urine 

Wlut u ttw reniU of the diamiitna (^ di7 bennnlfl (rflimer Wliat 



orcr;italliiBdbeosoicacddudhrdnterflimer WhM ii tba reioltof 
OatMuSKifaiilq'dcoiijnil^ricaciduKlbeniiiHl Whit ii tiie letiaii 

■tae (Dd ohlniiiB t Fram what KKUCn mmy hippnric acid be obtained f 
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of gmniniTorouB animBls, and ocean in the urine of pe^ 
sons who have Uken benxeic add. It may be prepared 
by eT^orating tbe fresh urine of the cow, and acidulating 
the concentrated liquor with hydrochloric acid ; crystals 
of hippuric acid are deposited, which may be decolorised 
by bleaching liquor and hydrochloric acid. It cryitalUzes 
in square pnema, sparingly soluble in cold water, of a bit- 
ter taste and acid reaction. By a high temperature or the 
action of sulphuric acid, it yields benzoic acid. 
THE aALICTLK GROUP. 
There is contained in the bark of the willow and other 
trees a bitter crystalline principle, Salicinb ((7„B'„Oi,). 
This substance may be extracted by boiling the bitter bu:k 
in water, and digesting the concentrated solution with ox* 
ide of lead to decolonze it. removing any dissolved lead 
by sulphureted hydrogp"i ai>d evaporating until the sali- 
cine crystallizee. It forms white needles of a bitter taste, 
much moresolublfl in hot than cold water. Distilled with 
bichromate of potash and sulphuric acid, it yields hydro- 
salicylic acid, or the andficial oil of meadow sweet, a sub- 
stance containiog Salicyle, the ideal compound radical of a 
series of bodies. 

The SaticyU Onmp. 

Balicyle, CuH,Ot = ST. 

HydrcMKlii^lic add = Sllf. 

Iodide' of ulii^la = Sil. 

Chlorids = SICL 

Ac. Ac 

■ Sydrotalunflie Acid — OH of Spiraa Vtmana, or Mead- 
ow Stoea (CvBiOj+H)— -is prepared by distilling one 

Eart of salicine, one of bichromate of potash, two and a 
alf of sulphuric acid, and twenty of water; the salicine 
being dissolved in ooe portion of the water, and the acid 
mixed with the rest. The yellow oil which comes ovei 
is rectified trora chloride of calcium. It may also be ob- 
tained by distilling the flowers of meadow sweet with 
water. It is transparent, but turns red in the air. It is 
slightly soluble in water, and very soluble in alcohol. '"'" 

specific gravity is J-173 ; it boils at 385° F. '- 

toe same elements as benzoic acid. 

Salicylic Acid {CiJI.O,+ 0) is obttuned by the action 

Under irhat cncnnutuiCM doea beiBiio tad iHodoce it t From what 

■ uBcine obtuusd! WhM ii die cantitatko of ■ilicylef How m^ 
the oil of meadow iireet ba made utiOcidl; 1 
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of hydrate of potaflb on the foregoing body by the Bsaist- 
snce of heat. After the diseogagement of hydrogen is 
orer, the mass is dissolved in water, and salicylic acid 
separates in crystsJs on the addition of hydrochloric acid. 
It 18 more soluble in hot than cold water, and is charred 
hv hot oil of vitriol, 

Chlcride of Salicyle ( CiJI^O^Cl) is made by the action 
of chlorine on hydrosalicylic acid. Its crystals are insol- 
nble in water, but soluble in solutions of fixed alkalies, 
from which it separates on the addition of an acid, resist- 
ing decompoeition even when boiled in caustic potash. 
It unites with caustic potash. 

Bromide and Iodide of Salicyle also exist, but are n<rt 
ofinteresL 

CUoTotamide { OtgHuNeOvC^)-— Ammoniacal gas is ab- 
sorbed by the chloride of aaKcyle, producing a yellow 
body, which crystallizes from a btsjing ethereal solutiou. 
It is insoluble in water. When acted upon by hot acids, it 

E'elda B salt of ammonia and chloride of salicyle; an al- 
Ji forms with it ammonia and chiorido of salicyle. There 
is an analogous bromosamide. 

Salicyluret ofPotasgiwm (KSl) is formed by the action 
of oil of meadow sweet on a solution of caustic potash. It 
forms in yellow crystals from its alcoholic solution, and 
has an alkaline reaction. 

Melanie Aeid [Ci^,Oi) ia produced when the crystals 
of salicyluret of potassium are exposed in a moist state to 
the air. They first turn green and then black, and alcohol 
extracts from tbem melanic acid. 

CmNAMYLB. 

The essential oil of cimtamon is supposed to bo the by- 
druret of an ideal compound radical, cinnamyle, analo- 
gous to benzoyle, and yielding a series. 

Tit Ci'aiUMtpfa Group. 

Cinnuniite, CsHjOt = Ci. 

: Hrdnrelofdnnunyle (oilCFfciDDUiian) . . , . = CiB. 

Oilde " (cinoMoic acid) . . . . = CiO. 

Chloride " = CiCl. 

Ac. 40. 

Hydmret of G.mamyle—Oil of OinnamoH {€^^,0^ -r 

What i» die camitibition of ■■licrlic wid 1 What u tbe uljai of am- 
CDiHiia cm diloride of lalicyle I Under whM cinnuiiitwicei ii awlank acid 
trodaDed? What ia ^ euenCial oil of ciDQamaaT What ie Cbe eowti 
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S}—^ obtained by infiuiDg uimUDCH) in a solatioa of 
aalc, and tbeni distilling the irhole. It is heavier thui 
water, and may be separated from that liquid by contacb 
with chloride of calcium. 

dnnamU: Acid {CiJS,0, + O) is formed when oil of 
cannamcm is exposed to oxygen gas, the oil becoming a 
white cryatalline mass, hydrated cinnamic acid. It may 
also be obtained by boiling bud Tolu balsam with hydrate 
of time. The cinnamate of lime crjretalUsee oe the solu- 
tion cools, benzoate of lime remaining in solution. The 
crystals are decolorized by animal charcoal, and then de- 
composed hj hydrochloric acid ; from the hot solution 
cinnamic acid crystallizes. It melts at 248°, and boils at 
560^. It is soluble in boiling water and in alcohol ; is 
decomposed by hot nitric acid, and yields benzoic acid, 
with oU of vitriol and bichromMe of potash. 

CMorocMHote (Ou£r,(7^,0,) arises from oil of cinna- 
inoD- by the substitation of four atoms of chlorine for four 
of hydrogen, and is made by the action of chlorine on oil 
of cinnamon b^ the aid of heat. It ciystallizes &om its 
alcoholic solutnm in colorless needles. 



LECTURE LXXVIII. 

The Nitbooenized Pkikcipleb. — Ammonia eatd it* 
Salt*. — CiANooEN.— Preparo/iofi and PropertU* ^ 
Pnu*ic Acid.~~Aniygdaline and SynapUue. — The Chf- 
anidet. — Oxygen Acid* of Cyanogen. 

AuMONiA. — I have already described, in Lecture LV, 
the compounds of hydrogen and nitrogen, under the 
names of omidogen, unmonia, and ammonium, and have 
also shown the relation there is between the salts of 
potash and soda and those of the oxide of ammoniuni. 
This compound metal is a hypothetical body ; its exist- 
ence may, however, he illustrated by passing a Voltaic 
current through a globule of mercury in contact with 
moist chloride of ammonium, or by putting an amalgam 
of mercury and potassium in a strong solution of that salt. 

How mj cimiBmic icid ba prepuadl What i> the conntitntion of 
cblorocinooH, and liow !■ it prepuwl? WliM ii uninoiiiuin 7 
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The mercaiy r^idlj increasea in volume, retaiaing its 
metallic aspect, becomes of the 'consietency of* buttw, with 
a Teiy trivial increase of weight ; the resulting subataace 
is the Ammoniacal Amalgam. All attempts to ioflulate 
ammonium &omithave feiled. 

The moBt important salts of ammonia are the following : 

Chloride of AmmimiiM-SedAmtnokiac— 'Muriate of Ant- 
monia — WBB formerly brought irotn Egypt, but is sow 
made from the ammoniacal liquoro reaultiDg frmn the 
destructive distillation of animal matters, coal, &c. It is 
soluble in water, crystallizes in cubes or octabedroiis, aod 
sublimes below a red heat unchanged. It is decomposed 
by lime and potash, and is fotmed when, the vapwa 
of ammonia mingle with those of muriatic acid. 

Nitrate of Ammonia is formed by neutralizing nitric 
acid with ammonia. It ig deliquescent, and therefore 
very soluble in water, tt melts at 240°, and at a higher 
temperature decomposes into steam and protoxide ot ni- 
troeen, as is explained in Lecture XIiV. 

CarbomtUet t^ Ammoaia. — The neutral carbamate only 
exists in combination. With the carbonate of water it 
unites, forming Bicarbonate of AmTtumia, which may be 
prepared by washing the commercial Sesquicarbonate with 
water or alcohol, which leaves it undissolved. Tfae cai^ 
bonate of ammonia Of commerce is prepared by sublima- 
tion from a mixture of sal ammoniac and chalk. \ta con- 
stitution ia not uniform, though it is commonly regarded 
as a sesquicarbonate. 

Sulphate of Ammonia may be made by neu^lizing 
sulphuric acid with carbonate of ammonia. It ia soluble 
in twice as weight of cold water, and crystallizes in six- 
sided prisms. 

Hydrottdphitret of Ammonia is made by passing sul- 
phureted hydrogen into water of ammonia imtil no more 
la absorbed. Though colorless at first, ic absorbs oxygen, 
and, sulphur being liberated, it turns yellow. It is of 
considerable use as a metallic test. 

Ctanogbk. — Bi4xi,rbwrel of Nitrogen {CiN). — Tfae mode 
of preparing this remarkable body, and also its leading 

what KHiTce* u Ml 
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-propertiaa, have been deacribed in L«cSare LV. It is ot 
great intereit in organic cbemiatiy, as being the fi«t dis- 
tinctly establislied compound radical, and the boat repr»< 
sentative of the eJectro-negative class of tltose bodies. 

We may call to mind that it is easily made by the de- 
compoution of cyanide of lAereury at a low red heat, is 
a gaseous body, soluble in vraXer, and, dierefbre, must be 
collected cirer mercury. It is combustible, aod bums 
with a pmple flame. 

Gyuiogtiu, C,N '=^ 

Hydnx^uiio acid ^ Citl- 

Cfuue BCiil ^ ^O. 

Fnlmiqic vii = ^,Oi. 

Cyumrio Kcid ^ CfiOi. 

Paracyanogen {OJf). — When the cyanide of mercury is 
aecomiKwed in the process for prepariDg cyanogen, a 
brownish substance is set free, which is paracyanogen. It 
is insoluble in water and alcohol, and is only remarkable 
in being isomeric with cyanogen. 

Hydrocyanic Acid — Pnune Acid — Cyanide of Hydro- 
gen (CiV+ H)- — Hydrocyanic acid may be obtained in a 
state of purity by passing dry sulphureted hydrogen gas 
over dry cyanide of mercury in a tube, and conducting 
the vapor, which is evolved when the tube is wanned, into 
a vial immersed in a freezing mixture. The result of the 
decomposition is sulpburet of mercury and hydrocyanic 
acid. In a state of aqueous solution, it is best obtained by 
the action of dilute sulphuric acid on the fsrrocyanide of 
potassium in a retort, and receiving the vapor in a Liebig's 
condenser. Having ascertained the strength of the prod- 
uct, it may then be diluted to the proper point. This ex- 
amination may be conducted by precipitating a knovm 
weight of the acid with nitrate of silver in excess, collect- 
ing the cyanide of silver on a weighed filter, washing, 
drying, and reweighing, which gives the weight of the 
cyanide. Thie, divided by five, is the weight of the pui-o 
hydrocyanic acid, nearly. 

AnhydrouH hydrocyanic acid is a colorless and very vol- 
atile liquid, which exhales a strong odor of peach blooms ; 

' WhU intereatinK fact ii omnectsd with its diaoovery I What m iM 
wneitiut What im ^mzacjmnogenl How m«y h^rooymio acid ba 
Bwdal By*whu pnoeM cui id ilaangtb bedetenninsdl 
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hu a density of -705 ; boils at 79° It mixes wi* water 
and alcohol ip any proportion. A drop of it held in the 
■ir on a glass rod becomes soUdified by the rapid evaporar 
tion from its aurfece. In the aunligbt it decompoBBS rap- 
idly, producing a ddik-colored substancB ; and the same 
change goes on, though much more slowly, in the dark. 
It is one of the most insidious and terrible poisons, a -few 
drops producing death in a few seconds ; and eren its 
▼spor, falsely diluted with air, brings on very unpleasant 
symptoms. Undet the addon of strong acids it is docom- 
potted into anunonia and formic acid, the change being 
very simple : 

C,N, H+ 3HO = NH, + CJIO,. 
Under such circumstancBB, hydrochloric acid yields mu 
riate of ammonia and hydrated formic acid. Hydrocy 
anic acid may, to a certain extent, be preserved from 
spontaneous change by the presence of a minute quantity 
W any mineral acid. 

FruBsic acid may be detected by its smell, and by yield- 
ing a precipitate of Prussian blue when acted upon in so- 
lution successively by sulphate of iron, potash, and an ex- 
cess of hydrochloric add. The liquid in which the poison 
is suspected to exist should be acidulated with sulphuric 
acid and distilled, and the hydrocyanic acid will be found 
in the first portions which come over. 

Amygd^ine {C^JJ^NOa)- — A cry stalliz able substance 
found in bitter almonde, die kernels of peaches, Sec ; is of 
considerdile interest ia connection with hydrocyanic acid, 
inasmuch as these organic bodies yield, when distilled with 
water, that Bubstance. The change consists in the ac- 
tion of water upon amygdaline by the aid of an azotized 
ferment called Synaptase, or Emidniie, which constitutes 
the larger portion of the pulp of almonds ; the bitter al- 
mond oil at the same time m^es it* appearance. Amyg- 
daline may be abstracted from the paste of bitter almtmda, 
from which the fixed oil has been expressed, by the aid 
of boiling alcohol, which being subsequenlly distilled off, 
the sugar which is contained in the sirupy residue is de- 
stroyed by fermentatiou with yeast. The liquid being 

What are ita propeTtien T What ji the action of (traag acids apon itt 
How may it bo paitidly preierrad fpoio ■pontaaeQiia <4»ngo 1 How nuiy 
it ba detected ? Wliat ii amygdaline 1 whnii l)w actto^of lynaptsk* 
and water Qpoo itt How may it be obtainsd I * 
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'evaporsted again to a sirup", is mixed with alcobol, which 

SracipitUes the amygdaline as & white ciystalliDe pow- 
er, purified by being redissolved in alcohol mid left to 
cool. It in soluble in hot and cold water, but sparingly 
■eluble in cold alcohol. A weak solution of it in water, 
under the influence of a small quantity of the emulsion of 
sweet ahnonda, yields at once oil of bitter almonds and 
faydrocTSnic acid. When amygdaline is boiled with an 
alkali, IE jrields Amygdalimc Acid, which forms a salt with - 
the alkali, and ammonia is evolved. 

Cyanide ofPoteutium {KCy) may be formed by the di- 
rect union of cyanogen and potassium, or by the ignition 
of the ferrocyanide of potassium in a close vessel. For 
common purposes in the arts it may be formed in a stale 
somewhat impure by mixing eight parts of ferrocyanide 
of potassium, rendered anhydrous by heat, with three of 
carbonate of potash, also dry, and fiising the mixture in a 
crucible, stimng it until the fluid part of the mass is col- 
orless. The sediment is allowed to settle, and the dear 
liquid poured off; it is the substance inquestion. Cyanide 
of potassium is very soluble in water, yields colorless oc- 
tahedral crystals, which deliquesce in the air; it melts 
without change at a red heat, and exhales the odor of 
prussic acid. It is very poisonoua. 

Cyanide of Mercury may be made by dissolving red 
oxide of mercury in hydrocyanic acid, or by the action of 
a solution of ferrocyanide of potassium on sulphate of 
mercury ; the cyanide crystallizing from the filtered hot 
solution. It ibrme fine priBmatio crystals, more soluble in 
hot than cold water. It is poisonous ; and, when decom- 
posed at a low red heat, yields cyanogen gas. 

Cyanic Acid {CyO-i- HO) ia procured by heatingin a re- 
tort cyanuric acid, deprived of its water of crystalQzatioii; 
a colorless liquid comes over into the receiver, which is 
the bydrated cyanic acid ; it has a strong odor like acetic 
acid, and produces blbters on the skin. It is decomposed 
by the contact with water into bicarbonate of ammonia. 

Q,NO, HO + %H0 ... = ... aO. + ^^« 
and is a very instable body, spontaneously changing in a 
short time into Cyamelide, a body of the same constitu- 

By irhat praceuei ms; Aa flyuide of pMuiiuii ba made 1 How mu- 
the cyuiidfl at mercniy he prepiredl Bxpoi«d to luiit, what doei a 
yiildl WbM ■!> tbe otHutitDlioii uid propeitiei ofsjaDks >cidT 
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don, but a white opaque solid, tneolubleiD water aiul bI- 
oohol, and decomposed by bot oil of vitriol iido carbonate 
of ammoDia. 

Fulminu! Add (^ CytOt+ 2H0) bas not yet been insula- 
ted, but some of its salts, presently to be deecribed, are 
characterized by the violeoce with which they detonate 
under very trivial disturbaaces. It is a bibasic acid. 

Cyttnwie Acid ( Cy,0i+3H0) may be made by beating 
urea, which disengages ammonia ; the residue is dissolred 
in hot sulphuric acid, and nitric acid added until the 
liqnid bocomes colorless : on mixing' it with water, and 
allowing it to cool, the cyanuric acid separates. Its crys- 
tals ara ^orescent ; it is sparingly aoluUe in water, and is 
a tribaaic acid; and, as has been already stated, at a red 
heat it may be distilled, and yields cyanic add without 
any other product. 



LECTUHE LXXIX. 

BoDiBB A1.LIED TO Cyanogen. — Saltt of Oie OxycyoMO- 
gen Aeid». — Feulocxanooen. — Ferrocyanidet (^ Hy 
drogat and Potattium. — Pnusian Blue and Batu: Blue. 

FRKKIDCTANOaB N. S d L PH O CIANOGBN. CompOtOtdl 

with Hydrogen and Potammn. — Meiam, Melamine^ ^. 

Cyahats, of Potath{KO, CyO) maybe prepared by ox- 
ydizin^ cyanide of potaBsioni by oxide of lead in an earth- 
en crucible ; the result boiled with alcohol yields, on cool- 
ing, crystals of cyaaate of potaiih, in thin, transparent 
plates, which undergo no change in dry air, but with 
moisture become convertad into bicarbonate of potash 
and ammonia. 

Cyanate of Ammonia — Urea {CJf,N,0,). — The vapor 
of hydrated cyanic acid, mixed wiUi ammoniacal gaa, 
yields cyanate of ammonia. The solution in water, when 
nested, ^vea off ammonia, and the eyanste changes into 
Urea, from which caustic alkalies can not disengage am- 
monia. Urea may also be made from the action of sul- 
phate of ammonia or cyanate of potash. 
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FiOmmiU of SUvtr (2JgO, C.JV.O,) m made by dis- 
•olving silver in warm nitric acid and adding alcohol. It 
Bepantea from the hot liquid in white grains, which, being 
washed in water, are dried in small p<»tions on filteriog 
paper. It detcwates with wtHiderful violence when ei- 
Uier struck or rubbod. It !b sparingly aulubla in hot wa- 
ter, and cnUallizes from that solution on cooling. It 
yields, by digeetion with water and motels, salts, as tboae 
of zinc and c^^per, 

Ftdminate of Mercttry (iH^O, C^N^O^) ia prepared in 
the asate manner as the foregoing, uid, like it, is very ex- 
plosive. It is ueed for making percoasion caps. 

Chioridt ofCyanogttt {CyCT} is prepared by the action 
of chlorine on moist cyanide of mercury in this dark. It 
is a coltwless gaa, soluble in water, conKoale at 0°, and 



boila at II*^ ; condenses into a liquid under the praHsarfl 
of four atmoapherea. When kept in this condition, in 
sealed tunes, for a length of time, it assume* the solid 



state, which form may also be given to it by acting oi 
hydrous hydrocyanic acid by eblorine in the sun's rays; 
hydrochloric acid is formed, and the solid cyanide crys- 
tallizea. It exhales a peculiar odor, melts at 884*^, and 
u soluble in alcohol and ether. 

PBRRO C YANO GEN. 

Ftmcyaiuigeii {CfNjFe — Q^) is an ideal compound 
radical. 

Hydrt^erroeyanie Aeid {Cfy, 2S) may be obtuned by 
decomposing die insoluble fenxM^anide of lead by sul' 

Rhnreted hydrogen while suBpended in water. The so- 
aion being filtered, is to be evaporated with Bulphurio 
acid in vkcuonntil the acid is left solid. It may uso bfl 
' mepared by agitating its aqueous solutitm wjth ether, or 
py adding hydrcnchloric acid to a strong solution of ferro- 
cyanjde.M potassium, and then mixing it with ether, which 
pr^oipitUes the acid. It is soluble in water, to which it 
gives a powerfal acid reaction. It decomposes alkaline 
carbonates with effervescence, and does not dissolve ox- 
ide of mercury in the cold. In these respects, therefore, 
U strikingly difiers from hydrocyanic acid. 
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Perro/ytinide of Potasnum — FruttiaU of' PottuA — 
{2K, Ofy-\- 3II0). — This aal: is made on the large scale b> 
irnidDg potash, iron lilingB, Bud animal matterB in an iron 
vessel; the m&BBia then acted upon by hot water, wliicb dis- 
tolves out a large quantity of cyanide of potassium, which 
is converted into the ferrocyanide by the iron, and the 
filtered eolation, -on cooling, yields it in lemon-colored 
crystals, soluble in ibur parts of cold water. It is not 
poisonous. At a red heat it decomposes, and yields cy- 
anide of potassium. It is a very valuable reagent ; with 
copper it yields a chocolate precipitate ; with protoxide 
of iron, a white; and with peroxide of iron, Prussian blue. 

Commas Pnutian Blue (3 Cfy'+ i-Fe) is prepared by 
precipitating apersaltofiron by solution of ferrocyanide of 
potassium ; when dry, it is of a deep blue, with a lustre of 
coppery-red. It is insoluble in water, is decomt>o«ed by 
alkaline solutions, which yield alkaline ferrocyaitides, and 
precipitate oxide of ii>DD. It is soluble in solutitHi of ox- 
alic acid, and then constitutes the basis of blue wiiting 
inks, which Bxe used tor steel pens. It is also much em- 
ployed as a paint. 

Basic Prunian Blue (3(^,4F«-|- i^O,) ia formed when 
the white precipitate, yielded by a protosalt »f iron with 
ferrocyanide of potassium, is exposed to the air. As its 
formula shows, it is common Prussian blue, with perox- 
ide of iron. It differs from Prussian blue in the remark- 
able peculiarity that it is soluble in pure water. 
P E RHIDCY AHOQSN. 

Femdcf/ano^m {CN^e^ = C/dy).-~A hypodietical 
compound radical, which yields some compounds of in- 

Ferridcyanide of PotatsUtm (3jt + Qf^y) ™8y be made 
by passing chlorine through a dilute solution of ferrocy- 
anide of potassium until it ceases to yield a precipitate 
with a persalt of iron. The liquid being concentrated, 
yields, on cooling, deep-red crystals, the solution of which 
is of a greenish color. It gives no precipitate with perox- 
ide of iron, but with the protosalts a bright blue, lighter 
than Prussian blue, and known as TumhuWs Blue. 

How ii the pnuiiaCe of potuh prepared 1 la it poimnoiu T 'WhMcokr 
doe* it rive with probixide Dsd peroxide of inn? ^Vbat ia ooDimoti 
Prnaaiuiblae I What !■ it* compoiitioii I For wlulniin|«eau ilniedT 
Iowhure.poctdoe*b»iricPnuii«nbl«Bdiabr6™iiEf WbMiitbeon- 
•nmhonoffemdcjioogon? WbMi* Tanball'f hheT 
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Coialtocyanogat, k hypothetical rsdical, yielding com- 
pounds BDalogouB to tbe precediog bodies. 

Sulpkoeyanogat ( C^8,) ( Cn/), a compound rsdical, not 
yet insulated with certainty. Its fonnnfa ahows that it is 
a bisulphuret of cyanogen. 

HydratvJphocyanic Add {CtyH) may be obtained by 
decomposing aulphocyanido of lead by Bulphureted hy- 
drogen in water. The solution ia decompoaed by ebulli- 
tion. It has tbe odor of acetic acid. It yields with per- 
oxide of iron a blood-red color. 

Sulphocyanide of PoUuxium {KCty) may be made by 
beating powdered ferrocyaaide of potasaium with half its 
weight of sulphur and one third m cairbonato of potash, 
and keeping it melted for a short time. The maBS is then 
boiled with water, which dlMolvea out the sulphocyanide, 
and the solution being concentrated, yields prismatic crys- 
tals of the salL It is soluble in water and alcohol, and 
deliquesces in the air. It melts at a red heat. Its solu- 
tioo with peroxide of iron yields a blood-red color. 

Melam\CixHtNn) is produced when sulphocyanide of 
ammonium is disdUed at fi high temperature, or by heating 
dry sulphocyanide of potaasmm with twice its weight of 
sal ammoniac It is insoli^le in water, but tUasolves in 
strong sulphuric acid. When heated, it yields mellone 
and ammonia. 

Mdamine ( C^HtN^ is produced when melam is disBolv- 
ed in a hot solution of potash. It separates on cooling. 
It is a basic body, uniting with acids. 

Ammdirie {CJttNtO,) remuns in the solution after the 
melamine has crystaJlized. It may be precipitated with 
acetic acid. 

Ammelide (CigH^O,) isprepared by diseolving amine- 
line in sulphuric acid, and precipitating with alcohol. 
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LECTURE LXXX. 
Hm-ONE — VBM.t..—Mdl<me, Prq>araii(» ^—MeUo^idaM 
of Hydrogen and Potauivm. — Natmral attd art^cial 
Formatitm of Urea.—Vric Acid.—Ut Propertiet. — De- 
rivativet of Unc Acid. — Parabanic, Oxalttrie, and Thi- 
onurie Actd*. — AUoxmUine. — PurpwaU t/Am^HMta. — 
XoMiAic and Cyttic OsrideM. 

MBLLtMn (C,Nf =2He). — If autphocywude of potassinm 
be acted apoo by eblorine or nitric acid, a yellovr pow- 
der IB dvpoNted; this, when heated, gives oS'biBulphuret 
of carbon and BDlphar, and there is left a jellowisl) pow- 
der, which ia meltone. The t'elation of ita constitution 
with cyanogen is obrioiu. It resists a modMate heat with- 
oat duu^. 

Sydrom^lmicAeid^(MeS}. — By adding hydrochloric 
add to a hot soImiub of meUonide of ^totassium, this add 

Saratea as a white powder on cooUng. It is partially 
ible IB hot water, and posseBses strong add poweta. 

MdUmide of'P«tammm(KMe) may be prepared by molt- 
iug ferroeyanide of poiasainm with half its weight of sul- 
phur, and adding, when the fusion is complete, five per 
cent, of dry carb<»iate of potasfa. The resulting mass is 
acted on by Water, uid the solution being filtered]^ ia evap- 
orated, until, on cooling, it fonna a mass of crystals, Groat 
wHch the sulphocyanide may be removed by alcohol, and 
the mellonide left. It is soluble in water, and yields, by 
double decomposition with the salts of baryta, Ume, &C-, 
tnellonides of these bodies, for the most part sparingly 
soluble. 

Urea (C,H^fO,) may be obtained from urine by add- 
ing to it, when concentiatod, a sm>ng soliitioB of oxalic 
acid. The precipitated oxalate of urea is to be boiled 
with powdered chalk, and the Altered solution concentra- 
ted until the urea crystallizes on cooling. It may also be 
made artificially by adding to a strong solution of cyanate 
of potash an equal wdghi of diy sulphate of ammonia ; 
the solution is evaporated to dryness m a water bath, and 
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th» ursa disudved out by alcohol. It ciyRtallizoB in ptietni, 
VSTT soluble in water, but pflTmuient in the air. At s 
high teinpeFBture it gires off* ammonia aad cyanate of 
ammonia, cyanuric acid remaining. Urea ctwtaini the ele- 
menta of cyanate of oxide of amwonium, has neither an 
acid nor alkatioe reaction, ia decomposed hj hot alkaline 
■olutionsi with evolutioQ of ammonia, and, by uniting witfa 
two atoms of water, yields carbonate of ammonia, a result 
which takes place during the putreiaction of urine, the 
change being brought on by a nicrogenixed ferment — 
the mucus of the bladder. Urea unites with acids, and 
tbrms, wkh nitric -nnd oxalic acids, characteristic salts. 

Uric Add — Liihic Acid ( Cio^.iViO,}— may bo obtained 
from the solid urine of serpents, wfai<^, being boiled in 
aolution of caustic potash and filtered, yields uric add, by 
the addition ofhydrochloric acid, as a white, inodorous, and 
sparingly soluble powder ; soluble without change in sul- 
pnunc acid, &om which it is precipitated by water. Urio 
acid also exists in human urine, and appears to be always 
a product of die acticm of (be animHl economy. Of its salts, 
the urate of soda is iutereating ; it U the chief ingredient 
of gouty concretitHis in the joii^, called chalk-stones. 
The urate of ammonia occurs as a urinary calcnlne, and 
is often deposited from urine as a reddish cloud or poW' 
der. 

AUantmtt (CJIsNiO^ is prepared by boiling uric acid 
with peroxide of lead ; the filtered solution, oeing con- 
GCntrated, deposits prismatic crystals of allantoin on cool- 
mg. It is soluble in 160 parts of cold water. By a solu- 
tion of caustic alkali it is decomposed into ammonia and 
oxalic acid, assuming, during this change, the eletnenta 
of three atoms of water. 

Alloxan (Q^,NjOi„) is made by the action of concen- 
trated nitric acid on uric acid in the cold. The uric acid 
is to be added in small portions successively, until about 
one third the weight of tbe nitric acid has been used. An 
effervescence takes place, tmd there is left a white moss, 
from which the excess of acid is to be drained. The sub- 
stance is then to be dissolved in hot water and crystallized. 

WbtC sre it! propertiei 1 To what aabaCuice 3oet it pre riie in fer> 
■aentaCHd T tJnder wiuC ciicuiiutancea dae> otic acid occur t Whit ira 
Judk-itDDMT Coder wbic fbna doei urate cf UBjDonii. occorl How 
m»iIlintranb«prajwrBd7 WbM ta &e sctioDof cold uitik acid mitrio 
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Its M>luUoii has an acid reaction and a bitter taste, and 
staina the akin purple, and, -with w, protoealt of iron and an 
alkali, yields a characteriatic blue compound. 

AUoxanic Acid {CJINO. + HO) may be prepared by 
decomposing the alloxanate of bar^ by dilute aulpburic 
add. The alloxanate ilaelf ia obtained by the addition 
of barytic water to a warm solution '>of alloxan. It is a 
stroi^ acid, decampoaing carbonates, and even water, by 
the aid of zinc. 

Maoxalic Add (C,0, + SHO).— Meso^alic acM may 
be obtuned by boiling a solution of alloxan with acetate 
of lead, the resulting mesosalate of lead being decom- 
posed by Bu^boreted hydrogen. It is a strong acid, re- 
siats a boiling heat, and is bibaHic. 

Myhmuiinic Add {C,HiN,0,) fs prepared by boiling a 
solution of alloxan with an excass of ammonia, and then 
precipitating by an excess of dilute sulphuric -acid. It is 
a light ysUow powder. 

Paraianic Add { C,N,p, + 2HO) is formed by the ac- 
tion of strong nitric acifl on alloxan, or urip acid, by the 
aid of heat. The crratals form on cooling, and may be 
dried by draining, ^pA. then recryetallized. It is soluble 
in water, reddens Utmus, and forms beautiful prismatic . 
ciystab. 

Oxaluric Add {C^ff,JV,0, + HO) may be made b^ de- 
composing a hot solution of the oxalurate of ammonia by 
dilute sulphuric acid, and cooling rapidly. The ammonia 
salt is itself procured by boiUng a solution of the para- 
banate of ammonia, when it crystallizes, on cooling, in 
small needles. Oxaluric acid is a white crystalline pow- 
der ; IE contains the elemenia of one atom of parabanic 
acid and thi'ee of water, and its solution, by boiling, yields 
oxalic acid and oxalate of urea. 

. ThwHuric Add {CJI^N,S^O„ -\- 2H0), a bibasic add 
prepared by decomposing thionurate of lead with eul- 
phureted hydrogen. It contains the elements of one Uom 
of alloxan, one of ammonia, and two of sulphurous acid. 

JJramiU {CiHiN^O^. — When an excess of a saturated 
solution of sulphurous acid in water is mixed with a cold 

How i* ^iDzame acid prepared T Wliot mbttapae resolu from boiliDj 
■llo^tan with acetate of leadl Heir ia myLomeliziic acid preparedl 
What Babataocs remlta from the action of bol nitric acid on uric &cid t 
What ia tba relatioa between oialorio *oA p4™baniG acid I How ii 
onunile prepared I 
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soliidon of alloxan, and an excess of carlionate of ammo- 
nia with caustic amrAmia added, and the whole boiled, 
the thicnurate of amiHonia is deposited on coolinr. From 
this the lead salt, used in the preparation of the foregoing 
acid, may be obtained by t^cetate of lead. The thionurate 
of ammonia, with a little hydrochloric acid, being boiled 
in a flask, there separates aVhite body, which is uramile. 
It differs from thionuric aciaJn not containinc; the ele- 
ments of two atoms of sulphunc acid. If the thionurate 
of am&ionia is mixed with dilute' sulphuric acid and evap- 
orated in a water bath, UramUu; Aind is deposited ; it u 

Alloxantine (CgIIiN,0,i,) is ntade when sulpfaureted 
bydrogeu gas is passed through a cold solution of alloxaQ. 
The product is filtered, washed, and boiled in water, 
which deposits the alloxantine, on cooling, in transparent 
riiombic prisms, which turn red on exposure to ammonia. 
This substance is alloxan, with one atom of hydrogen. A 
hot solution of it is decomposed when a stream of sulphur- 
eted hydrogen b passed through it, and IHaluric Acid 
£irms. 

Murexide — Furpurate of Ammonia {C„HnNtO,\-~-ma,j 
be made by the action of dilute nitric acid on unc acid, 
and then addine ammonia, or by boihng equal weights of 
uramile and red oxide of mercury with eighty limes their 
weight of ivalor, rendered alkaline by ammoata. The 
liquid turns of a deep purple color, and, when filtered, 
deposits, on cooling, crystals of murexide in squara 
pnsms, which, by reflected light, are of a green metallic 
bistre, and, by transmitted light, of a purple. It is spar- 
ingly soluble in cold water, but much more so in hot, and 
is one of the most splendid compounds known. 

MurexoH — Purpuric Add. — Murexide is to be dissolved 
in a solution of caustic potash, and dilute sulphuric acid 
added. It forms a yellow powder, and, dissolved in am- 
monia, gives rise to the foregoing body. 

Xan^ic Oxide {CiHtN,0,) occurs as a urinary calculus 
of a brown color and waxy aspect. The calculus maj 
be dissolved in dilute potash, and xanthtc oxide precipi- 



Wliali«thBOoloroftheciy«tal«ofmnrBTidBf 

_m be pvpved I Qndet what circamataucei do luittua 

A (yitic oxide occur I 
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tt tf^ as s wliite powder by carbonic acid. It iH a waxj 

Cg*tic Oxide (CfH^SiO,) occurs ako as a urioarj 
calcohu. 



LECTXJBB LIXXI. . 

The Veoetablk Acidb.— IVrtom jl«d, Pr«pqrafioN 

of Salt* flf Tartaric Axdd.—Acidt allied to Tar^ar- 

*c^— Cttric at^ it» allied Addi.^^Malic and iu allitd 

Acidti — Tannic Add. — Gallic Acid. — Acidt allied to 

thtm. 

Of tte vegetable acids several will be described with 

their associaud alkalies. The following are those of 

which I shall treat in this Lecture : 

TacUric C,HiOa,A-2Ha 

Pantaruric Ct H,Om ■ - ^tHO. 

^TouirUiio Ct HaCh ■ ■ HO 

Tntnhe . . . ""' " " " "" 



2C»H,0«,- ZHO 

Tutrelio Ct RtOta ■ - SO. 

Citric CuH60„--3HO. 

Aconilie , CHO, ■- HO. 

Malic Ce H^O^ ■ - UliO. 

Ifaldc Ce IhOe • - 3HO. 

Fanuric CtHOt ■ ~ HO. 

TmaAi CitHsOt ■ - 3HO. 

Gallic CVffOj+ affO. 

BltoSic CV /fiOi. 

PyrogalliO Ct HtOt. 

UetagaUk Co HtOi. 

Besides acids such as these, which constitute a very nu- 
meroiis group, there is aoother class, wbicb pass under 
the name of Ctmpled Acidt, the p^uliarity of which is, that 
they consist of an acid affixed or coupled to snother body, 
which, without affecting the nentrtJiziiig power of the 
acid, accompanies it in a^ its combinations. Thus, kypo- 
gulpfauric acid couples with naphthaline to form hyposnl- 

Ciaphthalic acid, which neutralizes juat as much of any 
as hypoBulphuric acid itself could do, the naphtha- 
lioe nol cbsnging its powers. > 

Tartaric. Acid (Ciff,On-\-2lIO),~ A. bibasic arad which 
occurs, as has been already stated^ in tbe juice t^ grapes 
and otber fruits as bitartrate of potash. It may be ob- 
tained by dissolving cream of tartar in boiling water aii d 
Wlut an Daisied BotdaT FtoiQ wbat ioaice ii tanuic add deiiTcd T 
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addiA^ powdered chalk, a tanraUkOf lime precipitatiiig:. 
The rest of the tartaric ^cid mny'be obtained from the so- 
lution by the addition of chloride of calcium, which yields 
another portion of tutrate of lime, which may be decom- 
posed by digeedag with, am equivalent proportion df dilute 
aulphuric acid. The concentrated and filtered solution 
yields crystals acid to the taate, inodorous, and soluble 
both in water and alcohol ; the solution decomposes by 
keeping. Tartaric- acid yields severat valuable salts. 

Tartrate of Poioik—Solmile Tartar{2KO, C»fl,0,o)— 
may be made by adding carbonate of' potash to cream of 
tartar. It is very soluble. 

Bilartrate of Potath — Cream of Tartar {KO, HO; 
CtH,Ou,). — This is the salt which is deposited from the 
juice of the grape during fermentation, aaArgol. It may 
oe purified from the coloring matter it contains by solution 
in hot water, and the action of animal charcoal In cold 
water it is very sparin^y soluble. It yields black flux 
when ignited in a close vessel, the black fiux being car- 
bonate of potash env#lopad in carbonaceous matter. 

TartraU ofPolaih and Soda — RocheUe SaU~Salt of 
SeigneUe {KO, NaO, C^O^ +10^0)— may be procured 
' by neutraliKing a solution of the foragoing salt with car- 
bonate (^ soda. On evaporation and cooling it separates 
in large, prismatic crystals. 

TartraU of Arttimoity and Potash — Tartar Enietie 
. {KOSi,(h. CtH;0„+2H0)^— This valuable medicinal 
' agent is made by boiling oidde of antimony with a solu- 
tion of cream of tanar ; on cooling, the crystals are depos- 
ited. They are much more soluble in hot than in cold 
water, and dissolve without decomposition. 

Racemic Acid — Paratarlaric Add. — This remaricable 
acid, which has the same constitution as tartaric acid, and 
resembles it very closely, is found in the grapes of certaiu 
parts of Germany and France. Bacamic acid, however, 
differs from tartaric in yielding a precipitate with a neu- 
tral salt of linle. 

Pyrotartaric Acid (C,^0.+£rO) is obtained by Uie 
destructive distillation of tartaric acid, coming over with 
a variety of other products. 

What ii mniiletartur Fr»d whu mirce ii creuo eT MrMr deriTod t 
Whmt u BocheHe «IH How is t«tM emetic propsrail r What ii dia 
relation b«tir«ea mmaac and taitaric acidi I 
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The action ofheat on tartaric ftcid is remarkable. 'Wien 
expoaed to a temperature of 400° F., it melts, throws off 
water, and yields in euccesuon tbree different acids, tar- 
trelic, tartrelic, and anhydrouB tartaric acid, the conetitu- 
tioii of which, compared with tartaric acid, is as followra : 

TnrUricBcid C,H,Oia+liHO. 

TartnOw " aC,if.Osa + 3HO. 

TBrtrelio " C,ff.C»io4- HO. 

Aidtydrcnu tamiio C,H,Oui. 

AU these, by the continued contact of water, pass back 
■^to the condition of tartaric acid. 

Citrie Add (CuHjOn+SH'O), a tribasic acid, occurring 
abundantly in the juice of lemons and other sour fruio, 
and separated therefrom by the aid of chalk and sulphur- 
ic Bcid^ It is clarified by digestion with animal charcoal, 
and yields prismatic cryBtols of a t^easaot taste, and sol- 
uble both in hot and cold water. The crystals are of two 
difierent forms, according to the condidons of their forma- 
tion ; those which separate in the cold by spontaneous 
evaporation contain five atoms of water, mree of which 
are basic ; but those which are deposited from a hot solu- 
tion contain only four. 

The citrates form a very numerous family of salts, for, 
as the acid is tribasic, we may have them wi& three atoms 
of metallic oxide, or two of oxide and one of water, or one 
of oxide and two of water, besides subsalts. 

Acimitk Acid — Equvetic Acid ( CJFIO, + ffO) — is form- 
ed by fusing citric acid, and the resulting brown product 
is dissolved in water, the change being 

C^,0„... = ...3{C,H0,) + 5(H0), 
diat is, one atom of hydrated citric acid yields diree of 
aconitic acid and five of water. Aconitic acid is remark- 
able from occurring naturally in the Aamitum Napellut and 
Egvitetum FluviaCile. 

Malic Acid (CJI^Ot+ 2HO), a bibasic acid, occur- 
ring in the juice of ^ples and other fruite. It may also 
be prepared from the stalks of rhubarb, in which it occurs 
with oxalate of potash. It is a colorless solid, soluble in 
'wSLeT, the solution changing by keeping. When heated 
in a retort, it mells, and then boils, emitting a volatile 

Deicribe die action of heBt on tutaric add. From whu sonrce U citric 
■rid obt«ined ? How many bImibs oTbiUw doe* citric acid yield I What 
■nbitaiiCB reanlw trom the fuiion oT citric acidt Fnjm what aoarcea ■• 
malio acfj deriTed t 
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&ci4, the Maleie Add, CeHjOi + 2MO, which condenees 
with the water in the nceiver ; at the same time there 
forme in the retort erystalline scales of FumaTK Add, 
C,HOs + HO, which may be separated from the unchang- 
ed malic acid by solution in cold water. It is to be ob- 
eerved that^aleic, fiimaric, and aconitic acids aie isomer- 
ic bodies. 

Tannic Add (CufliOfl + 2H0). — An aatringent princi- 
ple found in the bark of the oak, nut-galls, and Af . »t. , 
other vegetable productions. It may be sep- 
arated by placing in a vessel, h. Fig. 272, 
powdered galle. On pouring on them sulphu- 
ric ether, a hquid drops through the funnel 
tube, c, into the bottle, a, spontaneoualy sepa- 
rating into two portions ; the lower, which ia 
a solution of tannic acid in water, is to be de- 
canted and evaporated in presence of sul- 
phuric acid in vacuo. It yields tannic acid, 
or tannin, in the form of an un crystallized 
mass. This acid is soluble in water, but much 
less so in ether, has an astiingent taste, and 
reddens litmus paper. With the perealts of 
iron it yields a characteristic and valuable precipitate of 
a black color, the basis of common writing mk. It forms 
insoluble compounds with starch, gelatine, and other or- 
ganic bodies, that with gelatine being of considerable it>* 
terest. It is the basis of leather. From the characteris- 
tic precipitate it gives with that metal, it is used as a test 
for iron, which must, however, be in the state of peroxide, 
as the protosalts are unacted upon. The gradual dark- 
ening of pale writing inks is due to the gradual oxydation 
of the iron they contain. 

Cateckin (Cis/ijO,). — There is a body extracted by hot 
water from catechu, called catechin. It crystallizes in 
needles, and do^s not form an insoluble compound ivith 
gelatine, and gives a green color with persalts of iron. By 
the action of causdc potash in excess, it yields a black and 
insoluble substance, Japtmie Add. By the action of car- 
bonate of potash, it yields Rubinic Add. 

' What two utida are yielded by it ander (he action of beat ' Wliat in 
the relation between maleic, romaric, snd aconitic acids 7 How is tsn- 
nicBcidmadel Wliat color doei it jield willi peraalti of iron? Whalii 
the baiii of leather? From what cause do pale wriling inks darkcul 
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GaUu: Add ( C,ffO, + ZffO) may be formed by expos' 
iog s aolutioa of tannic acid to the air, or by making 
powdered galla into a paste with water, and keeping it 
exposed in a wana place to the air for some weeks. The 
masi is then pressed and boiled with water. On cooling, 
the solution precipitates a quantity of gallic acid, which 
may be purified by re-cryatallization. Like tannic acid, ■ 
this substance yields no precipitate "with ft protoealt of 
iron, hut a deep blue-black with a peraalt. It doea not, 
however, precipitate gelatine. Its crystals are soluble in 
one hundred pans of cold and three parts of boiling wa- 
ter. The Bolodon has an astringent taste. 

Tannic add pasBea into gallic acid by oxydation, carbon- 
ic acid and water being evotyed. 

CAOa + O,. , . = . . . 2(C,H0, + SHO) + 2[HO) 

+ 4(CO.)! 

diat is, one atom of tannic acid and eight of oxygen yield 

two of gsllic acid, two of water, and four of carbonic acid, 

EUagieAcid {C,H,0,), or gallic Bctd minus one atom 
of water, may be extracted after the removal of gallic acid 
by an alkali, and precipitated as a gray powder by hydro- 
chloric acid. 

Pyrpgallie Acid (0,^,0,) sublimes when gallic acid is 
heUxd in a retort to 420°. It is in the form of white crys- 
tals, which are soluble in water. It strikes a black color 
with the protosalts of iron. 

MetagaUic Acid {0,11^0^ is formed when gallic acid is 
suddenly heated in a retort to 500°. It is a black mass, 
insoluble in water, but soluble in alkalies, &om which it 
is precipitated as a black powder by acids. 

How may gullje »dd be preparedl How !■ «lluv: K>d pmnreat 
WtutiatheBctHJuofbeuoB aUc scidt 
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LECTUaE LXXXIL 



The Vegetable Alkalies. — General Fropertia of Veg- 
etable Mkaliei, — Morphia. — Itt PTeparatioH and Prop- 
ertie».~OtheT AJkaliei of Opium.— Meamie Acid. — 
Alkdliet of Bark, Qvtna, Cinchona, IfC. — Kime Acid. — 
Strychnia and Bmeia.— Table of Alkaioid*.— Artificial 
Alkaloids. ' 

The vegetable alkalies constitute an extensive class tX 
bodies, wmch are, fur the most pare, the actiTe medicinal 
sgeats of the plants in which (hey occur. They are gen- 
erally Bparingly soluble in water, but more soluble in 
boiliQg alcohol, of a bitter taste, and characterized by 
contaioiiig nitrogen. In their natural state they are unit- 
ed with an acid, and, possessing basic properties in a veiy 
marked manner, neutralize acids completely. This qual- 
ity seems to. depend on the nitrogen they contain, and 
has no reference to their oxygen, tor the quantity of this 
latter element which may be present seems to have no 
relation to their neutralizing power, and) indeed, in some 
of them it is not present at alt. In many respects they 
are analogous to ammonia, their salts, unlike those of 
some of the compound radicals, such as ethyle, &c., un- 
dergoing decomposition in the same manner as the salta 
of ammonia. Thus, the chloride of ethyle does o^t de' 
compose the nitrate of silver, but the analogous com- 
pounds of ammonia and the vegetable alkalies do; and 
these bodies may, therefore, be separated from the natural 
combinations in which they occur precisely tu we should 
separate lime, or potash, or magnesia in their salts. 
Moat of the vegetable alkalies are poisonous bodies, and, 
indeed, among them we meet with some of tfae moat ter- 
rific poisons known. There are several recently-discov- 
ered artificial substauces, such as Amline, and those con- 
taining arsenic and platinum, which ought to be classed 
with £eae basic bodies. 

What are Hie vegetable ilkilieir Wliat element do Ifae; all oonUiB 1 
In what cmdidcm u* they annmool; foood t Whst ire their relmtkna to 
acid bodiei T WhU *ra their general pn^eitira t Have any of thBm 
beeo nude utiBciiUfl 
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Of the numerous vegetable alkalies, those vcbich I shall 
now describe are the moBt important. 

Morphia {C^H^O, + 2-ffO).— This subfltance is the 
active principle of opium, and was the first iliacovered of 
these alkalies. It was insulated by Sertuemer in 1803. 
It may be prepared by mixing a concentrated infusion a€ 
opium with a solution of chloride of calcium in excess; 
the mixture, when warmed, doposits a precipitate of me- 
conata audBulphaEe of lime, and the hydi'ochlorate of mor- 
phia remains m solution. From this it may be crystal- 
lized by evaporation, and a dark liquor, containing nar- , 
cotine and coloring mattes, separated by pressure in a 

Siece of flannel, - The impure hydrochlorate may be re- 
issolved and re-crystallized, and, by repe^ng the opera- 
tion, or resorting to animal charcoaj, it may be obtained 
quite white. The salt may now be diseolved in hot water 
and acted on by an excess of ammonia, which throws 
down pure morphia as s white precipitate. It may be 
obtained in crystals by solucion in alcohol. 

Morphia is almost insoiable in water ; it neutralizes 
acids, and forms ctystallizable salts. Its solution is bit- 
ter. It dissolves readily in dilute acids, and yields a deep 
orangfr-red color when acted on by strong nitric acid. 
The most common of its salts are the hydrochlorate, the 
sulphate, and the acetate. 

Narcotine (CoB^NO,,) is associated with morphia in 
opium. It may be obtained by digesting the insoluble 
portion with dilute acetic acid ; the precipitate produced 
by ammorila is to be dissolved in alcohol, and purified by 
animal charcoal. It yields prismatic crystals, insoluble in 
water, and is a weak base. By the action of peroxide of 
manganese and sulphuric acid, and by bichloride of plati- 
num, it yields an extensive series of bodies, some of which 
are acids and others bases. 

Codeine (Cj^ff^JVOs) — The hydrochlorate of morphia, 
prepared Eis above described, contains this base; and when 
the precipitation vrith ammonia is made it remains in so- 
lution. When purei it crystallizes in octahedrons, and is a 
powerful base. Along with this body, in opium there oc- 
casionally occur other substances of lesa importance, as 
TAebaine, PsevdomoTphiTie, Narceine, and Meconine. 

Prom wbut ii iziorphia obtained J When wm it diiwivered } aire k 
IWperUei r i\ L« otiier alkaline bodies are oLluned &om imlum % 
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Meamc Acid (ChHOu, SfTO).— A tribasic acid, aseo- 
cUted with morphia in opium. It may be obtained from 
the meconate of lime, which precipitates in the prepara- 
tion of morphia by mixing it ^th warm dilute hydro- 
chloric acid, and repeating the operation until alt the 
Hme LB removed. When purified from coloring matter, it 
crystallizes in scales, which are soluble in water and al- 
cohol. "Whan heated, it loses six atoms of water of crys- 
tallization ; and if ita solutioo be boiled, or the dry acid 
heated in a retoit, Comenic Acid, Cj,H,0„ 2H0, a Uba- 
eic acid forms with the disengagement of water and caibon- 
ic acid. Meconic acid yield a, with die peraolts of iron, a 
blood-red solution. It forms several series of salts, like 
all triba^c acids. 

Comenic acid, when heated, yields carbonic acid and a 
new body, Pyromeconic Acid, with a small quantity of an- 
other substance, parameconic acid. Fyromeeonic acid is 
composed of Cr„H,0„ HO. 

Qkww— Qawwte (C^H„NO,).—Tbia, which is one of 
the most valuable of the vegetable alkalies, is obtained 
from (hmeKotia Bark. The decoction of the ground batk 
in dilute hydrochloric acid is to be boiled in an excess of 
milk of lime, and the precipitate acted upon by boihng 
alcohol ; on evaporation Cinchona is deposited in crystals, 
but the tjuina remains in solution. It may he precipitated 
by the addition of water, and obtained in crystals &om 
the spontaneous evaporation of its solution in absolute al- 
cohol Q.uina neutralizes acids perfectly, giving rise to 
salts, of which the . hydrocblorate, phosphate) sulphate, 
&c., are employed in medicine. It is sparingly soluble 
in water, but very soluble in alcohol or acids. The basic 
sulphate of qui na, a common preparation, is sparingly sol- 
uble in water, but the neutral sulphate is much more so. 
For this reason, sulphate of quina is oAen dissolved in di- 
lute sulphuric acid. 

Cincltona ( C„fl;,iVO).-^This alkali is obtained, as just 
stated, in the preparation of quina, with which it is asso- 
ciated in bark, and is found in large quantity both iu the 
gray and red bark. It crystallizes in prisms, is sparing- 
How u meconic icid piBcured ? Whet ii the nctjcm of heat optm it I 
WhU color doei meomie acid yield with peraalta of iron 1 Whenoomenio 
acidii Jiested, what acidi doea it vield? From whu WDrce i) quina de. 
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ly BohiUe in water. lu salti, like those of the £omgomg, 
kn very bitter. 

Two other wtalogouB bodies exist in different wpaciea 
embark. They are Chinoidiiie-ajtA Arvnne. 

i«ric A»d(C«£r„0,„.HO)ia awociatad with the foro- 
gomg bodies in bark. It is obtained by deeomposing the 
kinate of lime, obtained in the manufacture of mlphate of 
quina by oxaUc acid, fiksring the solution from oxalate 
of lime, and the kinic acid ciystallizes on ev^ontion. It 
is very soluble in water. 

StryeAma {C^H^N^O^) occurs in Num Vomica, 8t. -^- 
natiMt"* Bean, in die poison Vpa* TietOe, and other vege- 
table products. It may bo extracted frMU nux vomica 
seeds by boiling them in dilute sulphuric acid, and then 
acting widi lime and- alcohol as described in the case of 
quina. 

Strychnia requires 7000 parti of water for Bolution, and 
communicateB to it an intensely bitter taste. It is one of 
the moat violent poisoDH known. Its alkaline powers are 
well defined, and it produces a complete series of salts.' 
It is soluble in hot alcohol, but not in ether. Tbs anti- 
dote for an over-dose of it is an inftision of tea. 

Bneia (CtiB^tNiO,) is'asaodated with strychnia, and, 
being very soluble in cold alcohol, is readily separated 
from it. It b also more soluble in hot water, and poa- 
eesses the poisonous character of strychnia. These sub- 
stances are found in union with JgaMric Acid. 

The fallowing table gives the names of other vegetable 
alkalies, and bodies analogous to them : 



Cbelidomne. 
Chincddiue. 
Colobkim. 






Of some of these bodies, as 



and Conine, it may 



WliU Dtiier (Ikilie* exist in buk T With what uada ue Aue bodiai 
■wooMedT Fnm whm uonreei i« »trychiHa procured f What ■» Hw 
^>«tie« of MiTobiilkl WTiM ii ^ Wt tnlidota to its poiKniDcu of- 
viSiwrM** «^ -^^ » " «cci«edf Mention^li™ cd». 
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he remaiked that the; are volatile oOj liquid*, wHch can 
fonn cryatallizable salte and acida. They both contaia 
nitrogen, and are interestiiigin their relatisna to the three 
foUowiDg bodies, which ma; be formed artificially. 

Aniline ( Ci,Ii,N). — This substance is formed by the ac- 
tion of potash on isaiine, and is also erne of the insredi- 
ents of the oil of coal tar. It is an oily liquid, bode at 
858°, and yields crystalline salts with acids. . 

Lmkol ( C^HfN). — Formed with tlie fwegoin^ in oil i^ 
coal tar, m>ra which it may be aeparated by distillation. 
It ia also an oily liquid, and can yield cryatBlUzable salts. 

Qtdnoline [ Ci^,N). — Formed by distilling quinine or 
strychnine with caustic potash.* Au oily liquid, very bit- 
ter, strongly alkaline, and yielding crystallizable salts. 

Besides these bodies there are other artificial bases of 
an analogous nature, but which differ in the mnarkable 
particular of eontaining platinum and arsenic ; such, for 
example, a» the platina bases of Eeiset and Gros, or the 
arsemco-platiDum radical kafcoplatyle. The formation of 
these organic bases leads us to hope that the vegetable 
alkalies themselves win hereafter be artificially formed. 



LECTURE LXXXIU. 

Tbk CoLOBiNO Bodies.. — Qeneral Properties <^ Color- 
: ing Princhla. — Madder. — Hatnatoxyliite. — Cartha- 
ffiMc. — 4e2»«' polor$. — Chlorophyll. — Indigo. — Sitl- 
phindigoiic Acid. — Deoxydized Indigo, — Aclitm <^ 
Heat Mid ReagenU om Indigo. — JAtmns. — Carmine. 
The coloring principles derived from the organic king- 
dom may be conveniently divided into two classes : the 
non-nitre genized and the nitrogeuized. They may also 
be readily classed into groups, as blue, red, yellow, green. 
For the most part they are derived from vegetable pro- 
ductions. 

For some coloring matters the fibres of those tisanea 
commonly employed for clothing have a sufficient affiuty 
as to hold the color so that it can not be removed by mere 

What uuloEDiu mlwl«iicB» h»Te baenfcnned BrtifldBBrl Wli«tm«y 
bfl ranwAed u ceapecU llie iilt* of Beiiet and Gtu I Bon may coka- 
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washing, and is permanently dyed. But In t^ber in^ 
Mancea this ta not the case ; the artist then has to avail 
bimselfof tbe qualities poBsessed. by intermediate bodies, 
such as alumina ani the oxide of tin, which at once pos- 
sess the double quality of an affinity for the coloring mat- 
ter and an affinity for the cloth fibte. The attraction of 
these bodies for coloring matter may be illustrated by 
precipitating alumina in a solution tinged by litmus; the 
solution becomes perfectly clear, its color going dawii 
with the precipitate, and forcing with it a lak«. 

SOH-NITEOGENIZED COLOHIN& MATTBRS. 

The Blue non-nitrogen{»ed coloring matters are chiefly- 
found in flowers and fiuits. They are reddened by acids, 
and turned green by alkalies. 

The Red non-nitrogenizing coloring matters are of 
some importance ; among them may be mentioned Mad- 
der Red, the sublimed cryatala of which are known as AH- 
xarine (C„^,0,o). Madder aJao furnishes a purple and 
■ yellow color. 

Hamatoxyline {CJff„0,^) isthecoloring matter of log- 
wood ; it is soluble iii water and alcohol, and furnishes, 
with iron salts, the black dye for bats. The same princi- 
ple is yielded by Brazil-wood and cam-wood. Cartha- 
mine is a very beautiful red, obtained from safflower; it 
is used for making pink saucers. 

The Yellow coloring raatters. Among these may be 
mentioned Querdtrine {C,sH,0,„ HO), derived from the 
Qiiercut Tiitetoria ; GamJo^e, the dried juice of the Gar- 
cwwa Gambogia ; Tarmenc, used as a test for alkalies, 
which turn it brown, from the Curcama Ltmga ; and 
ylnoUo, from the seeds of tlie Bvm Orellana. 
_ The Green coloring matters. Chlorophyll, the constitu- 
tion of which is notknovni. It is the green coloring mat- 
ter of leaves. It is insoluble in water, but soluble in al- 
cohol and ether, and is a fatty aubstance. It is also found, 
under very interesting circumstances, in the animal sys- 
tem as the coloring matter of bile. 

i« sJizarme? What am hamMoiyltnB and csrtluuiiiiiB ? From wS 
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mraooEtnzBD colobinq hatters. 

The nitrogeaized coloring mBtters, among which are 
some of the most valuable dyes that we possessi'may also 
be divided according to their tiot. 

Indigo is derived from the juice <A several species of 
Indigofera, and is formed from a colorless or yellow com' 
pound which is dissolved out from the leaves of these 
plants when they ate allowed to ferment with water. A 
deep blue precipitate (iudigo) forms. It appears, there- 
fore, to be a product of oxydation. It comes in com- 
merce in small masses, which, when rubbed, exhibit a 
coppery aspect, is insoluble in water, alcohol, dilute 
acids, and alkalies, and may be sublimed, yielding a pur- 
ple vapor, which condenses into crystals of pure indigo. 
It dissolves in about fifteen parts of strong sulphuric acid, 
but still better in Nordhausen oil of vitriol, yielding a 
mass which is soluble in water. It is Stdphindigotic Add. 
By contact with deoxydiziug agents, blue indigo becomes 
colorless, as may be shown by digesting powdered indigo, 
green vitriol, hydrate of lime, and water together. In 
this state, as in its natural condition, it is soluble in wa- 
ter, and white indigo may be precipitated by hydrochloric 
acid. On exposure to the air, deoxydizod indigo absorbs 
oxygen rapidly, and becomes blue and insoluble. 

When indigo is submitted to destructive distillation it 
yields an oily liquid, Aniline, possessed of powerfully 
basic properties, and described in the laat Lecture. 

The relation which exists between blue and white indi- 
go is seen from their formulas. 

Blno indiBO C,eIttNOi. 

WhitB inaigo CiaHaJVOt. 

By several chemists indigo is regarded as containing a 
radical, Anyle, = CtJIfN, the symbol for which is Ax. 
On this view, blue indigo is the anhydrous deutoxido of 
anyle, AnO^, and white indigo the hydrated protoxide, 
AnO, HO. 

Under the action of heat and of reagents, indigo yields 
an extensive class of bodies, to which much attention has 
been given. In this place I can do little more than enu- 
merate some of them. With dilute nitric acid it yields 
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AmUe or hidigoUc Acid. With strong; nitric acid it yields 
•Pierie or Carbaeotic Aeid, a substance of a yellow color, 
bitter taste, and forming explosive salts. Heated with 
bichromate of potash, sulphuric acid, and water, it yields 
iK|{M«, which crystalUzea in red prismatic crystals, and 
GOtttaina the elements of blue indiKo, with two additional 
Stoma of oxygen. Thia body, under the influence of an 
alkaline solution, unites wiUi one atom of water, and 
changes into I*atinic Acid. Under the infiuence of chlo- 
rine, isatina yiolda CMori*aline,'hj an atom of chlorine 
substituting one of its hydrogen atoms, and Biehloritatine, 
by the suVwlitution of two chlorine atoms for two hydro- 
gen ones ; and dieae, again, as in the case of isatine itself, 
acted upon by alkaline soludons, yield each an acid. 
Caustic alkalies, acting on indigo, yield CrytanUu; and 
AntkroMUic Acids, 

Ziitmut is derived from the Roeella Tinctoria, Lecanora 
Tartarea, See. These lichens yield to ether a crystalline 
substance, to which the name Ijecatiori$u ia given. It 
does not contain nitroe^en. It is in white ctystak, aoluble 
in hot alcohol and eUier. This substance, heated with 
baryta or alkalies, yields Orcine, by losing two atoms of 
carboiuc acid. Orcine crystallizea in prisma, which hare 
a yellowish tint and a sweet taste. Mixed with ammonia, 
and exposed to the air, oxygen is absorbed, and the liquid 
fissumea a deep putple tint. Prom this acetic acid precip- 
itates a deep-reo powder, Oreetne, CiiSgNO,, which coil- 
tains nitrogen, and is supposed to be the basis of the dye 
stuff of litmus. With alkalies it mvea a blue color. Lit- 
mus is extensively used in chemistry as a test for acids 
and alkalies. 

Carmitie is the colorins' matter of the cochineal insect. 
Cocoa Cacti. The coloring matter may be obtained from 
the insect by water or ammonia. The carmine of com- 
merce ia a take containing alumina. 

Aloet is the inspissated juice of certain species of Aloe, 
used as a purgative medicine. When heated with nitric 
acid, and water added, a yellow precipitate is throwu 
dovni, whicji, when puriSed, is Ckrytammtc Aeid. It 

Wi»t«r-- """ 

of aU[B]ino «a 

Front whmt ■onrcea ii li 
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yi6l(1fl yellow ciystala of k bitter taate, and funiiBfaes ■ 
solution of a. purple color. Its salt* are crystallizable, by 
traiumitted light of a red color, yrith a green metallic re< 
flectioD like murexide. The liquid from vriuch this acid 
was precipitated contains picric add. 



LECTURE LUXIV. 
The Fatty Bo©«s.— Propertiw ofAe Sapim^Sahle Fau. 
— Dalinclvm hetweat Fixed and Volatile Oilt. — Prep- 
aration ef Soap*. — Statin* and Stearic Add. — Mar- 
gariitt and Margarie Aeid^^Oieine and Oleic Acid. — 
Margarone. — Pradnctipm of OlyeenMe. — Natural Oih, 
at Palm Oil, Cocoa ToUow, and Hiutmeg Baiter. — 
maeeli. — CholeMterime.~~Thafee Clattet ^ VolatUt 
-T^ Caf»phort. 
This clasB of substanees is cbsrocterized by several 
well-marked peculiaritieB, and may be conveniently di- 
vided into tno natural groaps, oils and ftts. Tbey belong 
both to the Te^etable and animal systems. In the former 
they usually abound in the seeds or fruits ; in the latter 
tbey are deposited in the cellular structure of the adipose 
tissue. The natural fats are usually mixtures of two or 
more ingredients, which differ from one another in con- 
sistency. In most instances they are stearine and mar- 
garine, along with a liquid oleine. The oils can not be 
distilled without undergoing decomposition ; exposed t 



Spermai 

OiUr—'j 



die air, riiey gradually aMort> oxygen and evolve carbonic 
acid. Many of them, in which wis change takes place 
with rapidity, turn into resinous bodies ; and hence their 
application, in die art of painting, as drying oils. When 
acted upon by alkabes, ihe fixed oils and fats give rise to 
BOEips, and hence are spoken of as Saponijiahle. 

Oily bodies may be divided into fixed and volatile. 
The fixed oils decompose when heated ; the volatile ones 
dudlL A simple test, therefore, is sufficient to distinguish 
them. When a few ^ops of an oily substance are put on 
p^>er, if it be a volatile oil it soon evaporates, and leaves 

Into friiat mUonlKimipi may the bttr bodiea ba drrided ? Wb*t m 
fte notanlbul WW chugs do the dmng oili oadarHol Hmrmsy 
the fli«d <nLi be dutinguahsd vota to roUlila I 
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the paper widiout a statu ; if fixed, the paper i 
greasy. The fixed oils have but little odor, the Tolatile 
oils comntouly a characteristic one. They are all insol- 
uble in water ; many of them are soluble in alcohol j but 
in ether tbey are fi-eely dissolTed. 

By exposure to a low temperature the constituent prin- 
ciples of a mixed oil may often be separated from each 
oUier, the more solid substances separating as the tem- 
peratore descends. When olive oil is thus treated, an 
exposure of 40° F. causes a deposit of Margarine .■ the 
fluid potticMi which is left is Oleine. Animal fats exposed 
to pressure between folds of blotting paper communicate 
to It oleine, and the solid residue which is left behind b a 
mixture of margarine and Stearine. When the &ced fsts 
are boiled with alkaline soludons, Soapt are formed ; 
these substances, which are of estensire use in domestic 
economy and the arts Irom their detergent qualities, are 
freely soluble in water. In the process of making them, 
the fats undergo a change ; they form true acids, stearine 
yielding stearic acid, margarine margaric acid, and oleine 
oleic acid, which may be set free by decomposing the 
soap with an acid. With them there is also formed a 
sweet substance. Glycerine, which appears to be the same, 
whatever fat may have been originally employed. Of 
the varieties of soap met with in commerce. Soft Soap is 
made from potash, combined with whale or seal oil; Hard 
White Soap from tallow and caustic soda; Hard Yclloto 
Soap from soda, tallow, palm oil, and resin. In the prep- 
aration of white soap the alkaline solution is made to boil, 
and tallow added In smalt portions until no more can be 
saponified ; the solution now contains soap and free gly- 
cerine i the former is separated by the addition of com- 
mon salt, in a solution oi which it is insoluble. It floats 
on the top of the liquid. It is then run into moulds, and 
cut into bars for commerce. In this process the manu- 
facturer does not add so much salt as to separate all the 
water. Commercial soap still contains from 40 to 50 per 

Stearine may be obtained from purified mutton fet by 

What u tlie diffaroQCe of their propertie* J Wh«t ia (he effect of ■ ra- 
^actum of temperatore on mixed tdJiI Into wlut may oUts oil be thw 
™^3?"ed ' Whw ie wmpM 1 How may ths d»ereat virietin H 
™' How u lEeiriue prepared, and whst are ita propertieiT 
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Buffering a warm ethereal solution to cool. The gtaarine 
crystallizes, and mBrgarine and oleine are left in solution. 
A repetition of tbe process purifies it. It ia a white body, 
insoluble in water and in cold alcohol. It melta at 130°. 
When saponified, it yields glycerine dnd stearic acid. 

Stearic Acid {CfgHeeOi) .may be crystallized from a hot 
alcoholic solution, is iiisoluble in water, and without taste 
or smell. It is soluble both in alcohol and ether, melts 
at 158°, and may be volatilized without change. 

Margarine.— This substance remains with oleine in the 
ethereal solution arising in the .preparatioQ of atearine, 
and may be obtained from it by evaporation and pressing 
the soft mass in paper. Margarine is found more abund- 
antly in human than in other kinds of fat, 

Margaric Add (Cg^^fmO,) is prepared by saponifying 
margarine with potash and decomposing with hydrochlo- 
ric acid. It is also formed with other products by the 
distillation of stearic acid. It crystallizes in white nee- 
dles, its molting point being 140°. 

Oleine. — When almond or rape oil is dissolved in ether 
and the solution exposed to a low temperature, the mar- 
garii^e crystallizes, and oleine may be obtained by evap- 
orating the ether. It remains liquid at a temperature of 
0°. From it Oleic Acid (C«HmOh) may be obtained by 
saponification and decomposition with muriatic acid, as in 
the foregoing instances. Its melting point is about 20°. 
It gives rise to a class of salts. 

Marganme {Ct&HmOi). — When a mixture of margaric 
acid and lime is distilled this substance is formed, and 
carbonic acid separates. It is a white solid, like sperma- 
ceti, and melts at 170°. 

Glycerine {Cf^,0^. — This substance arises when any 
fatty matter is saponified, with potash, the soap being de- 
composed with tartaric acid, and dissolving the glycerine 
out by alcohol. It is a colorless liquid, specific graviiy 
1'26 ; it is soluble in water and alcohol, but not in ether. 
It may bo cooled to a verif low point without assuming 
the solid form. When mixed with sulphuric acid, the 
tivo bodies unite directly, and Su^hoglyeeric Acid is 
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the reaolt: an acid having TotOy snologieB with aut- 
phorinic 

Palm Oil is brought from Africa, and much of it naed 
in tiie manu&cture of yellow soap. It is of a reddish- 
yellow color, KoA contains, besides oleioe,a solid &t, Pal- 
rMiti»e. It is insoluble in water, slightly soluble in hot al- 
cohol, but very soluble in ether. Its melting point is 118°. 
By saponificadon and decomposition with an acid, it yields 
Palmitic -Acid, the melting point of which is 140°. It is 
ft bibaaic acid. 

Ooooa Tallow. — A solid fat obtained from the cocoa- 
nut, and used in the manufacture t^ candles. Its oteine 
and ueorine may he separated by pressure, or by boiling 
alcohol, from which the staariae crystallizes on cooling. 

Among other &tty Bubstances and allied bodies may 
be mentioned Nutmeg BiUter, which yields, among other 
products, Jlf^TM^tctiM, and by saponification, J)fyru<icj4ei(2. 
Elaidine, which arises tram the action of nitrous acid on 
oleine ; it furnishes, by the common process, Elaidie 
Add. Suberic Add, which arises from the action of nitric 
acid on cork. Siuxi»ui Acid, by the destructiTa distilla- 
tion of amber, or by the continued action of nitric oa 
stearic acid. Sebacic Acid, by the destructive distilla- 
tion of oleic acid. BtUyrine, Caproine, and Caprine, 
which are contaiaed in butter. These yield, by saponifi- 
cation and decomposition, Bvtgrie, Caproie, and Capric 
Acid*. Butyric acid can be made, as we have seen, ar- 
tificially by fermentation. Sees' Wax is a mixture of two 
bodies: Cerine, which may be dissolved by boiling alco- 
hol, and Myricine, which is insoluble therein. Spermaceti, 
which is obtained from certain species of whales, yields, 
under the process for glycerine, a substance, Ethal, and 
this, under the action of hot potash, gives Ethali^ Acid, 
with evolution of hydrogen gaa. OwlaUrine is obtained 
Irom biliary calculi ; it ^so occurs in the substance of the 
brain. 

Thi Volatile Oils. — These, for the most part, ana 
found in plants, or are derived from them by simple proc- 
esses. Many of them are extensively used in the aits in the 

WhU are ^tlu oil, pdmiliae, uid ulraitic acid! MenldaD ■ome otfasr 
bodiai beiaagiDg lathe luae oliu). From nrhiit (is Hberic, laacii^uid 
■ebicic madM derired 1 V/liBC bodiea ire cODtwDed in batUr, ud whak 
•cidi do they yieldT What two iiDhstuicei m found ui beei' nut 
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manutitcture of Tarnisbea, aod others in the proparation 
of perfumery. Their solutions in alcohol form Euencc*, 
and in water Medicated Water*. They are commonly 
obtained by the distillation of thoae parts of the plants in 
which they occur, with water, and consist of two substan- 
ces, a solid portion, Stearapten, or camphor, and a true oil. 
They may bo divided into gronpa according to their con- 
atitutiou. 

Valatik Oil* eonla imnff Carint and Hyinqtm. 



Volatile Oili mUoiRtiif Carton, Itfdngen, intd Oa^gat. 
CMepnt Pamnronl. 



Pepp^muiit. 

Volatih OOt tmta6u»f Sv^pittr. 



The fltearoptens (camphors) of the volatile oUa are beat 
represented by commou camphor, vrhich is extracted from 
the Jjauntt and Dryahalonopt Camfhora by distilling with 
water. It is a white, tough, eemltranaparent mass, light- 
er than water, of a well-marked odor, melts at 350^^, and 
aoon afier sublimes rapidly uochen^d. ATtiJlcud Cam- 
phor 18 made by passing dry muriatic acid gas into oil of 
turpentine. It is a muriate of oil of turpentine. The 
true camphors originate in several different ways ; some- 
timea by the oxydation of the oils from which tiiey are 
derived ; sometimes they are hydrates of those oils ; and 
lometimes they are isomeric with them- 
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LECTURE LXXSV. 
The Resins, Balsahs, and Bomxb ARisiita is DEaTsuc- 

TiTB DisTiLLA'noN. — Coiophtmy, Gvm Lac, Amber, J^c. 

—Ltdia-ntbber. — Balsams,— Produci* of the Dettructive 

Dittillatitm of Wood. — Paraffine, Evpione, Creatote, and 

alli^ Bodiet. — The Destructive Ditliilation of Coal. — 

Naphthaline, Paranaphtktdine, Kyanol, Carbolic Acid. 

—Product* of tkno Decay. — Vlmine and Uliaic Acid. — 

Crcnic and Apbcrenic Acid. — The Varietiet of Coal and 

other tubtidiaty Bodiet. 

The resins are bodies in many respects analogous to 
the camphors, but are disdnguished from them by the cir- 
cumstance that they are not Tolatile without decomposi- 
tion. In many instances they act as acids; they all con- 
tain oxygen. 

Colophony ia a mixed resin, obtained by the distillaiioa 
of turpentine with water, the oil of turpentine passing over. 
It is a misture of twoiesins, Finie and Sylvic Acids, which 
may be separated by cold alcohol, in which Sylvic acid is 
insoluble. 

Gum Lae, which is one of the r^DS, occurs under three 
forms : shell lac, adck lac, and seed lac. It is used Jd the 
preparation of lacquers, and is the chief ingredient in seaK 
ing-wax. Among other resins may be mentioned Copal, 
Miulic, Dragon'i Blood, Gamboge, Sandarac, and Dam- 
mara Retin. 

Amber is a substance belonging to this class. It is form* 
ed in beds of bituminous wood, and afian incloses insects 
is a state of beauufiil preserration. Its specific gravity 
is about 107. By distillation it yields succinic acid. 

Caoutehoue — Indian-Grubber, or Gum-elattie — is the 
product oftheJa/n);ja£^a«£ica, the ZfcSfea Caoutchoac,9JaA 
several other tropical trees. The milky juice which they 
vield is dried on moulds of various forms ; it turns of a 
black color by being smoked. From its in^wrviouHDeaa 

What are the 

ony 7 Whst ii t, 

Prom whst loiucea ii India-mbbet 
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to water, thia substance has of late beeo introduced for a 
' great variety of purooees. It is combustible, bums with 
a bright flame, is softened by boiling water, and still more 
so by e&er. In ether, as also in naphtha and coal oil, it 
may be dissolved. B^ of it, soaked in ether until they 
become gelatinous, may be distended, by blowing into 
them, to a veiy great size, and thus become useful for a 
Tariety of purposes. Very few chemical agents act upon 
India-rubber : it is extensively used for connectittg the 
parts of chemical apparatus. 

Balsahb are compounds of resins with volatile oils ; 
some of them also contain benzoic or cinnamic acids. 
Some, as benzoin, are soSd ; and others, as the BtiUanu 
of Toltt and Peru, are viscid fluids. 



When wood is submitted to diarillation tn close vessels, 
a black, inflammable liquid called Tar is formed ; it con- 
t»iis a great many remarkable bodies, among which the 
following m&y be meutiooed. The solid black residue 
which is left ailar tbe distillation or inspissation of tar 
constitutes Pitch. 

Paraffine {C.H) is obtained by distilling tar, several 
oils coming over: it is from the heaviest that this substance 
is extracted. It is a solid substance, lighter than water, 
of a fatty appearance; it melts at lll'^ F., and distills 
unchanged. Few chemical agents act upon it : it remains 
unchanged by the alkalies, acids, &c., but is soluble in 
tui'pentine and naphtha. From its chemical indifierence 
it has obtained its name [Parum A£ini>). 

Evpione (f7,^) occurs abundantly in animal tar, from 
which it may be prepared by distillation, and subsequent- 
ly purified by rectification from sulphuric acid. From 
Earaffine it may be separated by exposure to cold, or, 
eing more volatile, by distillation. It is a colorless li- 
quid, specific gravity .074 ; it boils at 339° F. It is in- 
soluble in water, but very soluble in alcohol. 

Creosote is extracted from the heavy oil of tar by a 
Complicated process. It is an oily, coloriess liquid, of a 
burning taste, exhaling a powerful odor of vrood smoke. 

Hon- may it be wiftened, and in what diiiolred T What are the bo). 
mat 1 What ara tar and pitch 7 What properties diatingoish paralKiie t 
What are Uie pnip«ttie* a( eopioiie t 
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It H slij^itly heavier tbw crater, hala tt 400° F., ia coat- 
biutible. C^ie fauudred puis of water diaablTe about 1^ 
of this bubitance, and obtain its peculiar od(^ It has the 
nmu-kable propert; of coaKulatmg albunien and presei-v- 
ing flesh from putrefactive chai^jfls. From this latter cir- 
cumstBace Its name is deiiped. 

Amon^ allied substances majr be inendoned Ptcomor, 
•It oily liquid of a bitter taete, which boils at 618° F^ and 
combines with bases to form crystalline compounds. Kap- 
nomar, a cntorless liquid, having an odor of mm; boils at 
360^ F., and forms, with oil of vitriol, a purple eolnUon. 
Oedriret, which forms red crjetals, giving, vnth creosote, 
a puiple salutton, and with sulphuric acid a blue. Pitta- 
kal, a dork blue solid, which yields blue precipitates with 
matallic salts. It contains nitrogen. 

When coal tar is submitted to disullation, like wood 
tar, it yields a volatile oil, which, by being submitted to 
rectification, becomes Coal Oil, or Artificial NaphUta. 
From it a variety of substances may be extracted ; they 
^tber pre-exist in the oil, or are formed by the operation. 

Naphtbaline {C^oH^ is obtained by rectifring coal 
gas tar ; it forms colorless cryBtalline plates, melting at 
136° F. and boiling at 413° F. It exhales a peculiar 
odor, ia very combustible, insoluble in water, but soluble 
in edier and alcohol ; the specific gravity of its vapor is 
4*538. It dissolves in sulphuric acid, and the solution, on 
being diluted with water and saturated with cu^Mwate of 
bar^, yields two salts, one containing ^dphonaphtJtalic 
Add, and the other an acid less known. 

ParanapAthaline ( CuHt) is associated with naphthaline, 
but differs fiom it by being insoluble in alcohol, by wluch 
liquid they may, therefore, be separated. 

Kyanol { C„H,N), an oily liquid, which, though volatile, 
has a boiling point of 358° F. It is heavier £an water, 
with which it may be combined, and is soluble in alcohol 
and ether. It possesses basic properties, and yields sev- 
eral well-defined salts. 

Carbolic Aeid — Hydrate (^Phenyle (C,*HiO)— is found 
in that portion of oil of tar which boila between 300° F. 

TCIiat remukable propertiei da«t creuote poiieu 1 From what ti ila 
name deriTad 1 Txtna what umrcea are picamar. kapooinar, cedrira^ and 
pittekal obtained 1 Wb>t an Eha propertiai of oaphtb^ioe t What aab- 
»t«io«clo«ilyraiwinblo«il1 What.«re ths propetttoa of kySDolI 
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and 400<^ F. This beiag agitBted with potash, and the re- 
sult decompoeed by an acid, yields carbolic acid, which 
may be purified by rectification from canstic potaali. It 
k ■□ oily liquid, but may be obtained in long, needle- 
shaped cryetals. A. splinter of pine wood first dipped in 
it aiid then in strong nitric acid becomes of a blue color, 
which then passes into a brown. In tnany paiticulerB 
this substance resembles creasote so closely, that a suppo- 
eition has been entertained that they are in reality the 
same body. 

When woody matter is gradually decomposed by con- 
tact with air and moisture, JJltaine and TJlmie And are 
produced. They arise from a partial oxydatioB, attended 
by the production of carbonic acid and water, the action 
being originally occasioned by azotized matter in the 
wood ; corrosire sublimate, or any other body which pos- 
sesses (he quality of checking ferment action, may, there- 
fere, be resorted to topreveni thedry-rotof wood. When 
the access of air is, for the most part, cat off, the brown 
bodies, ulmine and ulmic acid, ao longer appear alone, 
but with them many other subetances, of the family of the 
hydrocarbons, arise. Besides these, as in the formation 
<i vegetable soil and turf, azotized acids, such as the Cren- 
ic and Apocrenic, appear. These originate in the decay 
of the nitrogenized oonetituenis of the wood, an action 
which probably precedes its general disorganization. 
They are often found in mineral springs, in combination 
with oxide of iron, forming ocbery stains. Crenic acid, by 
exposure to the ur, changes into Apoo'emc Acid, a sub- 
stance much less soluble in water. 

There is abundant proof that all the varieties of coal 
have originated from woody fibre. Fot the production of 
these, it seems requisite that the wood should be immers- 
ed in water at a moderately high temperature, and with- 
out free contact of air. The ubnine bodies form from the 
decay of wood at the surface of the earth; the cotd bod- 
ies under a heavy pressure. Of these we have many va- 
rieties, differing much in constitution : lAgnite, which is 
of a brown color, and in which the structure of the wood 

What labclaDCe Aoet eu^xiUc wid ckaely reiemble T Under wbit cir- 
onmitBUDei are nlmiiiB and obnic acid prodooedl WliU bodiei maj^ b« 
eouitayed to prHTeut diy-rot I Frnoi woat bodie* do crenic and BpocreDtc 
add! aiisel WbstiittwMaresd'tfaediSbreutTarietietofnnll Wbu 
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is more or Ina perfectly preeerved ; the various forms of 
B»(w»uu>iM(^Mi/,«scumel coal.Newcaetlecoal, &o.; An- 
thraeite, wbich coDtains but little faydroe^eD. 

With these more valuable natural products are frequant- 
ty found small quantities' of others of le»8 importance, as 
Oxocherit, or fossil wax ; Idrialiite, which is isomeric with 
oil of turpentine ; Petroleum, or Naphtha, which in many 
Eastern countries is collected in wells. It arises, proba- 
bly, from the decomposition of coal by the action of the 
natural beat of the earth. 



LECTURE LXXSVI. 
Animal CHEMisxRr. — EfnilibriumoftheSyiUm. — Caiu- 
e» qf DitninuliMi and Ltcreaie. — Relation of Oxygen to 
the Food. — Digestion, the Nature of it. — Detcription of- 
the Proeeu. — Artificial Digeition. — Two great Varietiei 
of Food. — Nutrition in the Camivora and Cframinivora, 
— RouteM of the Postage of Nutritious Matter into the 
System. 

In the preceding Lectures I have given the descriptive 
history of many of the more important organic compounds, 
and cfaiefly those belonging- to, or derived from, the vege- 
table kingdom. It remains now to mention another class 
■ which seems to bear a closer relation to animal beings. 
The appearance and destruction of these compounds lead 
by ready steps to a consideration of the physiological func- 
tions of the animal mechanism. 

There are certain cauaeswhichtend constantly to change 
the weight of an adult, healthy individual ; causes of in- 
crease and causes of diminution. Among the former may 
be mentioned food, drinks, and atmospheric air ; among 
the latter, urine, fsces, transpired and expired matters. 
And these, in the course of a year, amount to many hun- 
dred pounds ; yet the resulting action of the mechanism 
is such that, at the end of that time, the weight remains 



This fact, the constancy of adult weight, can, therefore, 
only be explained by an examination of the action of the 
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matters introduced* into the interior of the svstem on each 
other, or an examination of the matters rendered. What- 
ever is fit for food, when burned in the open air, mth &ea 
access of oxygen, must yield carbonic acid, water, and 
ammonia ; and these, in point of &ct, are the results of the 
action of the animal mechanism. Osygen gas, introduced 
by the respiratory process through the lungs, eflectB event- 
ually the destruction of the hydrocarbons and nitrogenizeil 
bodies which have been introduced through the Htomach ; 
and carbonic acid, ammonia, and the vapor ^fwater, or 
Bubstancea in a transition state, which tetfd eventually to 
assume those forms, are the result- An elevated temper- 
ature must, as a consequence, lie obtained. 

Before the introduction of chemical principles into the 
science of physiology, it was a favorite idea that the ani- 
mal system posseBae^ the peculiarity of resisting the influ- 
ence of esteraal agents. This is an error, "niere is no 
essential diSerence between the physical efiecta taking; 
place in tbo body during life and aiter death, nOr is there 
any principle of resistance to external agents possessed 
by hving structures. The only distinction is, that during 
life the effete materials pass on by appointed routes — the 
kidneys, the lungs, or the skin ; and after death, these 
passages being closed, they accumulate in the interior of 
tfa« body. 

The matters returned by an animal to the external 
wvrld are all found to be oxydized bodies, or such as arise 
firom processea of oxydatdon. The result is, therefore, 
forced upon us dl&t the primitive action of the mechan* 
Um is the oxydation of the food in the system by air which . 
has been introduced through the lungs. 

The process of digestion appears to be exclusively for 
the object of effecting the minute subdivision of the food. 
By the action of the teeth or other organs of mastication, 
it is first roughly divided and simultaneously mixed with 
saliva. It is then passed into the stomach, and in that or- 
gan mixes with die gastric juice, a viscid and slightly 
acid body. This mixture is perfected by certain move- 
menie which the food now uni^rgoes, and under the con- 



tares poueM (ny power of resuting the iuBoeiice of external iBena t 
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joinl action of die saliva and the gaetiic juice it is totally 
broken up into a gray, eemifluid, homogeneous mass, 
■omaimes acid and aometimea inBipid, of the consiBtency 
of cream or gruel, called Chyme. This gradually pasaea 
out through vaa pyloric orifice of the slomach, and enteis 
the intoatine. 

It has been a question whetherartificial diction could 
be performed, but it now appears to be uniTeraally ad- 
tnitted that an acidulated water, contwning animal matter 
in a state of <Atage, has the power of impressing analo- 
gous changas oh org^iz^ substances submitted to its ac- 
tion, just as die gastric juice, containing hydrochloric or 
acetic acid, ^th animal mnttor undergoing metamorpho- 
Bts, derived from the saliva or the coats of the stomach, 
possesses the power of dissolvinft fibrine or coagulated 
albumen* 

Soon ailer its entrance into the inteSiine the chyme is 
mingled with bile and pancreatic juice, thft former com- 
ing from the liver, the latter from the pancreas. The ef- 
fect appears to be a jiivision of the chyme into three 
parts: 1st. A creamy fluid; 2d. A wbey-like fluid; 3d. 
A red sediment: the two former, commiagled, consti- 
tute what is designated ike Chyle. 

It has been e^ady remarked that the ara of the di- 
gestive process appears to be the subdivision of the food. 
It is for this that the teeth comminute it; and the gastric 
. jaice, excited to activity by the oxygen introduced with 
the acdiva, breaks down by its ferment^ action all albumi- 
nous and fibrinous matters, and prepares the food, in this 
condition of extreme subdivision, for its passage into the 
blood-Teasels. 

Before we can trace the changes which then occur, it 
Sb proper, however, to remark that, as respects the food 
itself. It may be distinguished into two varieties : lit- The 
food of nutrition, or the nitrogenized food ; 2d. The food 
of respiration, or the non-nitrogenized food. 

The nutritive processes of camivoroua animals are very 
simple ; they live on the graminivora, and find, in the cat^ 
cases they consume, the fats, the fibrine, and other such 
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bo^a which are veci^Mary for theirown economy; these, 
therefore, Bimply require to be broug;ht into a state of so- 
lution, or of estreme subdivisioii, and then are absorbed 
into the blood-vessels. In these cases the fats constitute 
the food of Inspiration, liad the nitrogenized bodies that 
of nutrition. 

But the gratmnivora find in the vegetable matters the; 
use the same essential principles ; their fibrine, albumen, 
and fats are directly obtfttned from plants, in which they 
naturally occur. In the digestive proona of the two 
great classes of animals, there is not therefore, in reality, 
any difference ; both find in their food the elements they 
require. 

There is reaAn for bdieving that the two tdaases of 
food are introduced into the system by difierent routes— 
the fatty or respiratory food paasing through &e lacteals, 
and the nicrogenized foodies being taken up by the veina. 



LECTURE LXXXVII. 
Oriqin and Deposits of the Fats and Neutral Ki- 
TBosENizED Bodies. — ArtifieMd Formation o/Fat.^It 
' may be made in the Animal Syttem, or direeUy abtorhed 
from ike Food. — Froofi of the latter. — Varielie* of Fat 
arinng in partial Oxydatwn. — Changes in Fat at it 
pasta through the Syttenu of the Qraminivora and 
Camivora. — Itt jindL Dettrvction. — Origin and De- 
potit of the Neulrai Nitrogenized Bodies. — Propertiet 
<f Fibrine, Albumen, Cateine, Proline, Gelatine, &c. 
Two opinions have been entertained resjiectiiig the 
origin of the fat which occurs in the adipose tisMieaof 
animals. 1st. It has been supposed to be prodvcad by 
processes taking effect in the system ; or, 3d. Simply col- 
lected fix>m the food. 

In many various processes fatty bodies arise. Thus, 
when fiesh meat is left in a stream of water, a mass of 
adipoeire is eventually found. During the action of nitric 
acid on fibrine, and in the preparation of oxalic acid from 

VnM ii d»ir rsapintory find I I>eHnbel]ieDatHtive]miceMe(Df tba 
KikmiiiiiM- BywMtniote* are 'iie two virietiesoCfiwdiDtrodacediaeQ 
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In VB«t praoHiM u ic tppuantl; pmducedl 
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tttxch, oily bodies are apparently proiucti. There is 
efeij reaaon to believe, however, Oiat these are radier 
inaulated than fbnoed, or that tbey pre-exist ia the bodies 
from which they ttre apparently derived. 
But recent experiraents, as in the preparadon of bu- 

r'c acid from sugar, have decisively demonstrated that 
bay bodies can be artificially formed from the non- 
aitrogenized by processes sooh oa those of fermentation, 
ind, consequently, we hare every reason to suppose that 
the aiumal system can form fats from the food, althongh 
tone might occur there natiu^lly. 

But Uiough the povrer of forming oily from amyla- 
ceous bodies may be possessed by the animal mecbsnism, 
tbere can be no doubt that in many instances it is not re- 
sorted to, and that fats contained in the food are at once 
absorbed into the system. Often this absorption takes 
place widi so sUght a change unpreased upon die oil, that 
without difficulty we can detect its presence by its odor 
(H* its taste. Thus, the miUc of cows which are fed on 
linseed cake tastes strongly of that substance ; and at < 
those seasons of the year vrhea such animals feed on 
young shoots or leaves containing odoriferous oils, the 
taste IS at once detected in the milk. 

The deposidon of fat upon an animal, and the produc- 
tion of butter in its milk, bear a certain relation to the 
smount of oleaginous matters found in its food. For diis 
reason, Indian com, which contaius from eight to twelve 
per cent, of oil, furnishes one of the most available arti- 
cles for feeding and fattening cattle. It is now, however, 
sdnntted that where foods without fat are used, the sys- 
tem possesseB the power of effecting their production ; 
dniB, t>eee will proaoce wax though fed upon pure sugar. 
Bad fuiimsls will grow fat diough fed on potatoes alone. 

A great uumber of the fat^ bodies may be derrred 
from ina^garic acid by jKvcesaes of partial osydation. 
"With a limited supply of^ oxygen gas, ethalie and myris- 
tio fiiBt rnske their appearance ; and the supply b^ng still 
continued, there fonow cocinic, laurie, &c., the process 
being as shown in die following table : 

WTiM roMon in there KJ beliBTo Uiat it cm be Jbnued &»m tbe Mueh 
iKidieiT Whurowoaia Aiem tor belienflg tbu mu; E 
kbaoffaeil iato Ae intern 7 Ii theie any relMioti bstmsn 
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Ifaigule. I Capric 

BOtalit). (Bnulbftio. 

Jlynjtic. I Capniio. 

CamDic I VaWiaoJo. 

Laurie I Butyric 

These partial oxydadoiu being perfected, Aen result et 
last carbcHiic acid gas and water, the same bodies which 
appear when a &t is directly btirned in the open atmos-j 
pheric air. 

Tbe iats which occur in plants pass into the systems of 
giaminiTOroos animalB, and there undergo changea, a se- 
ries of partial oxydationB occurring. It is orJy a pmt 
which is completely destroyed so as to produce carbonic 
acid and water, and this part is the element of respiration. 
The residue accumulates in the cells of the adipose tis- 
sues, and, devoured by the camivoroos tribes, is destined 
to nndeigo in them those successive changes which bring 
it back to the condition of carbonic acid and water, and 
restore it to the atmosphere from which it was originally 
derived by plants. 

The amylaceous bodies and fats, or the non-nitrogenized 
ho^es, are, thereibre, the food of respiration ; their office 
is to neutralize the oxygen introduced by the lungs, and, 
by the production of carbonic acid gas and water, keep 
up the temperature of the animal system. 

I have already described the fatty bodies, and given the 
history of their general properties. It is unnecessary to 
repeat here what has been already said. 

When the ei^iressed juices of plants, such aa beets, tur- 
nips, JEC. are aUowed to stand, there is deposited, after a 
diort time, 8 coagulum or clot, which does not appear to 
differ in any respect from animal fVirwte. If this be remov- 
ed, and the temperature of the juice raised to S1S° F., it 
becomes turbid again, from the deposit of a second body, 
.^UNm«n. On separating this and slowly evaporating, a film 
forms on the snrfece, identical vrith CoKine, These three 
bodies contain nitrogen, and may, therefore, be looked upon 
as the representatives of the neutral mtrogenized class. 

Fibrine[C,JLtO,,N^ . + {S.P) ).— This substance may 
be obtained by beating fresh-drawn blood vrith twigs, and 

In what do these partial oxjdatjoni terminate at iosC T What ohsngo 
ocean toYBgelBblefatsinpaaiingthnlngh the ayMenuof the giamiiuYora T 
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conatilate tha food rf respiration ! What i« the componition of flbrine 1 
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wuhing with witter and ether the clot which adheres 
thereto. As thua prepared, fibrins ib a white, elastic 
body, inaoluble in wiiter, alcohol, or ether, but soluble ia 
hydrochloric acid, with which it yields a. bine Bolution. 
Jt pessessea the power of decomposing rapidly the dea- 
toxide of hydrogen. When driea it shrinks very much in 
volume, but, for the most part, recovera its bulk when 
again moiataned. Fibrine derived from arterial and ve- 
nous blood is not altogether the same ; the latter may be 
dissolved in a warm solution of nitrate of potash, but the 
former cau not. In the formula aonexed to this body, 
the symbols within the brackets merely mean small and 
iDdeterminate quaatidea of sulphur and phosphorus. 

Al&vmcH occurs abundantly in the serum of blood ttnd 
in the white of egga, from which it may be obtained by 
neutraliziuK in a solution of it the aaso<nated soda with ace- 
tic acid, and on dilution with cold water it faUs as a white 
precipitate, soluble in water containing a minute quantity 
of alkali. Exposed to a sufficient heat, common ^bumen 
coagulates and becomes a white body, wholly insoluble in 
water. The strong acids also unite directly with it, and 
form insoluble compounds ; acetic and the tribasic phoe- 
phoric acid are excejplions. With metallic salts, as cor- 
rosive sublimate, it gives insoluble precipitates ; hence its 
use as an antidote for that poison. Its constitution is iden- 
tical with that of fibrine, except that it appears to contain 
twice as much sulphur. 

Cateiue is found abundantly in milk. It is insoluble in 
water, but, like albumen, is readily dissolved if free al- 
kali is presenL It may be obtained fay coagulating milk 
with sulphuric acid, and dissolving the curd, after it baa 
been well washed with water, in a solution of carbonate 
of soda. By standing it separates into two portions, oily 
and watery. From the latter the caseine is re-precipitM«d 
by sulphuric acid, and the process repeated. The caseine 
is finely washed vritfa ether to remove any trace of fat. 
It is a white substance, soluble in an alkaline water, the so- 
lution not being coagulated by boiling, but a skin forms 
OS the surface, as evaporation goes on. It can, however, 
be coagulated by certain animal membranes, as by the 

Fiom wh«t MmrcM nuj' it be derived T Wh«t »n iM propeiiiwt 
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at of the stomach of a calf. It conteins five or 
six per cent, of bone earth. 

Xbe foregoing bodies are sometimes spoken of as the 
pRDTEiNE group, from the cii'cumatance, as is shown in 
their formula, Uiat they all contain CaH^OuN,, a body 
which passes under the designation of proteine. It may 
be extracted from them by dissolving either of them in an 
alkaline solution, and precipita,ting by an acid. It is a, 
tasteless, white, insoluble body, soluble in acetic acid 
and in alkalies. It yields a binoxide and tritoxide, which 
may be produced by boiling fibrine in water in contact 
with air. These subatancea are the chief constituents o£ 
the bi^y coat of inflammatory blood. 

Crdatine {C^iH„N,0^ is prepared by diaaolving isin- 
glass in warm water. It forma, on cooling, a soft jelly, 
which contracts as it dries. Solution of gelatine is pre- 
cipitated by coTToaiTo sublimate, tannic acid, or infusion 
of galls J with the latter bodies it yields a precipitate 
which is the basis of leather. Glue is an impure gelatine. 

On examining the constitution of some of the leading 
tissues of the animal system, it is plain that they bear a 
tBioarkable relatiuii tu [iniieine, aa is shows in the fol- 
lowing table : 

PTDteine, CuHseStOu , . . . = i-r. 

■ ■ . = Pr-i- HO. 



Cbondrine (rib cutilage) 

Hair, horoa 

Gelaliooas *' 



- Pr4- HO +0. 
= Fr-\- NH, + 0,. 
= 2Pr -I- ZNH, + HO+Ot. 

) difierent bodies are, therefore, derived from the 
proteine group by processes of partial oxydation ; for in 
their constitution they correspond to oxides, hydrated ox- 

The nitrogenized bodies introduced into the system 
pass through the same changes aa the non-nitrogenized ; 
partial osydations giving lise to various tissue forms, and 
ending in perfect oxydation, with a production of water, 
ammonia, and carbonic acid. 

"Whether we regard the respiratory or the nutritive 
food, we see that the result is the seme. Introduced 
through the blood-vessels into the system, it is brought 
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tmder the deetrnctiTe mfluenca of oxygen amvisg throngfa 
die limgB, and, as I have already explained, tbe aTDount 
of oxygen is so adjoBted to the tunotmt of diese claasea of 
food combined, that in an adolt and healdiy inditidaftl tba 
woiciit does not change, even aAer the l^i»e of ft eoDsid- 
er|ble period of time. 



LECTURE LXXXVIII. 
Or Vmb Ihtboddotioh or Rbupiratokt and Ntrnurioiri 
Food into tqe Bi^od, Aim ira TBAiraMistion TOROcod 
TBI Ststim. — AhtorptitM by the hacleal* and Van*. — 
Catueofthe Circulation ^ the Blood. — CoTUtitwtiott and 
Pnpertiei of He Blood^—Platma and Duki. — The Of- 
ficea ofeaiA. — The CoagiUatum of Blood. — Analytii 
^ Blood. 

The ordinaiy pAicipIos of capiOary attraction are am- 
ply sufficient to account for die absorption of nutritious 
matter from the intestinal cftvity. both by the laical Tea- 
sels and the vefaiB. By this it la eventually brought into 
the general current of the circulation, and distributed to 
eretr part of the system. 

With respect to the forces involred in the circulation 
of the blood, meet phyaiologiats have regarded the hy- 
draulic action of the heart as amply euScient to account 
for all the phenomena. It is now on all hands conceded 
that this organ discharges a very subsidiary duty. The 
whole vegetable creation, in which circulatory movementg 
of liquids are actiTely carried on without any such central 
mechanism of impuJsion ; the numberless existing acar- 
diac beings belonging to the animal woi-ld ; the accom- 
plishinent of the systemic circulation of fishes without a 
heart ; and the occmrence in the highest tribes, as in man, 
of special circulations which are isolated from the greater 
one, have all served to demonstrate that we must look to 
other principles for the cause of thefle remarkable move- 

The cause of the circulation of the blood is to be found 

WhM pbj^iicBl principla u inralved io tiie ■bwrtWnt ictioii rf the lu- 
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in the chenucd ralationa of that liquid to the tiunea With 
which it is broagfat in contsct. Oa the priacipleB of car 
pillary attractioii a Uqnid will readily flow through a por- 
ous body for which it baa a chemical affinity, but k will 
refuae to flow through it if it baa no affinity for it. On 
this piinc^le we can eaaily explain why the arterial blood, 
preasea the venona befOTS it in the ajBtCToic circolatioii, 
and ^riiy tbe reTerae enioea in the pnlmonaiy. This ex- 
planation of the circulation of the blood, which I ottered 
eome years ago, is now admitted by many o£ the leading 
physiological writers to be true. 

The systemic circulation takes place because arterial 
blood baa a high affinity for the tisanes, and venous blood 
little or none. The pnlmoiiaTy circulation takes place 
because venona blood nas a high affinity Son atmosidi«ic 
oxygen, which it finds on the air cells of the lung*, ud ar- 
terial blood little or none. On tbe same principle we may 
esjdain &e rise of aap in trees, the circulat(»y morementa 
in the diflerent animal tribes, and Ae miiior drculations 
of the human system. 

The moBt Btnkiiig peculiarity of ihp blood is the inces- 
sant change which it undei^oes. It is constantly being 
destroyed, and as constantly being reproduced, it con- 
aiata of two pcMtions, the Platma, a clear fluid, of a yelloW' 
isb tinge, which contra fibrins, albumen, and &t; and 
in this there float disk-like bodies of different ^^ea and 
magnitudes in diffisrent animals. In man they are about 
fi^f of an inch in diameter, consbt of a sac <tt OlotmUMe, 
a body of the proteins family, and in the interior they coo- 
tain a red sabetance, StxTnatine, which gives them their 
peculiar color. On one pordon of them there is a niude- 
us or speck, consisting of coEigulated fibrine. When the 
disks are old and about to be destroyed, their interior is 
filled with Samaphem, a yellow snfaatanee, correspond- 
ing to the coloring matter of the urine. Besides these, 
there are lymph, chyle, and oil^obolea in the blood. 

A continuoue metamor^^ioais goes on during die circu- 
latioa of the blood ; the plaama aerres for the parpeaea 
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of nntritioa, the disks for the production of heat. Thev 
■beorb oxygen in the air cells of the lungs, and transmit 
it to all paits of the system ; and as they grow old and 
disappear, new ones are formed from the plasma. 

Aluiougli fibrins is known to esiat in planM, I doubt veiy 
moch whether it is directly absorbed a* Fibrine into tbe 
system. Besides tbe direct proof which we have firom 
the analysis of those bodies, "we know that fibrine and al- 
bumen ao closely resemble each other in constitution that 
tbey are mutually conveitible into each other. Daring 
ibe hatching of an egg irom its albumen the flesh (fibrine) 
of tbe young chicken is formed, a pheoomenon accom- 
panying tbe aheorption of oxygen from the air. In the 
human system, abundant observation has proved that 
there is a direct connection between the quantity of oxy- 
gen introduced through the lungs and the amount of fibrine 
m the blood. When the respiratory process is unduly 
active the disks oxydize with rapidity, and the amount <h 
fibrine increases ; hot when the reverse takes place, there 
is a restraint on the change of the disks, and the amount 
of fibrine declines. 

Tbe coagulation of tbe blood is a phenomenon which 
has excited much attention, ^hyKologists generally look- 
ing upon it either as wholly mexplicable, or what, in re- 
ality, amounts to the same thing, as due to the death of 
the blood. What connection there is between its life and 
fluidity, is not so veiy apparent. A little reflection will, I 
am persuaded, deprive Uiis phenomenon of much of its 
fictitious impoitance, since it is plain that the coamilation 
of the blood, or, in other words, the separation of fibrins 
from it takes place in the body as well as out of it, for from 
this coagulated fibrine the muscular tisHues are fbrmed, 
and from it their waste is repaired. By passing through 
two capillary circulations, the systemic and the pulmon&- 
Tj, the rapidity of the process is very much interfered 
with ; but still, it eventually takes place. 

I here insert one of Lecanu's analyses of the blood ; it 
may serve to give anideaof the constitution of that liquid. 
It must not be forgotten, however, that such analyses, be- 
yond mere general results, are of little value ; tie compo- 

^W^^roMOm are Uiere fijr mppocing thU fibrine nmy bs nude in tba 
SS^-rf^T^r"?"''"'* D«" the ooagnlMkm of thB blood ttkB 
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ution of the blood Tari^ iacesaantly in the same indiviit 
tiEil. For instance, the mere accident of his being- thirsty, 
or having- recently drank abundantly of water, will make 
an entire change in the analysin of iho blood. 

WBter T80-HB. 

Pibrine S'lOOi 

Coloring meEter 1331W0. 

Albumen BS-OM. 

~ — * matter S-*30. 

i-aiOi 



The following repreeentB the constitation of heemato- 

CMbon Kts. 

Hydngaa B-30. 

Nitrogen lO-M. 

Ozjgeu 11-09. 

Ino ■ B-W. 

lOO-OO. 



LECTURE LXSXIX. 
Nature op the Processes or Secretion. — Origin of 

SecretioM. — Phenomena of Rapiralion. — ArteriaUzO' 

tian. — Production of Animal Heat. — Memoval of effete 

Matter*. — Constitution ofMilh. — Utet of that Secretion. 

— MiKnu. — Fu>. — BUe. — Urine. — CalctUi. — Bonet. — 

Nervimt Matter. 

During the starvation of an animal all its Tarious se- 
cretions are still formed : a consideration which proves 
that the production of urine, bile, and other such bodies 
is, in reality, connected with the destructive processes 
going on in the animal system. These processes of de- 
cay originate in the action of oxygen admitted by the 
process of respiration. 

The lungs, which constitute the organ by which air is 
introduced, are originally developed as diverticula from 
the oesophagus, and finally become an immense congeries 
of cells emptying into the trachea. _In respiration they 
are perfectly passive, the air being introduced and ex- 

Wlut dnamflaace^ t«ndtodi*iigetbecoii«titati(Biof tliflbloadi Hov 
I» it known that *e»eo«tioM«ri»efi«iia»rtTictiTepn>c«Me«T What 

tothe itmcture oflbe Imgil 
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peU«d alternately bj muscular eontractioD. It is com- 
monly eaomated that, on an average, about 17 iaspira- 
dons are made eachnuaute, and at each inspiraQon about 
17 cubic inches of air are introduced. 

The blood ptesento itself on the air cells of a deep blue 
color, and is Uien known as venons blood. Through tho 
thin wall of the cell it obtains oxrgen from the ^r, and 
ffivos out carbonic acid. It is me colorinE matter of 
uie disks which diBchai;ge8 this function, ana during the 
act of change its tint altera to a bright crimaen. It is 
Bud now to be atterialized, or to constitute arterial blood. 
The magnitude of the scale on which this operatioD ia 
carried torward may be appreciated &om the circum- 
stance that in a man of average size, in a single day, about 
seven tons of blood have been exposed to 226 cubic feet 
of atmospheric air. 

The oxygen thus introduced acts directly either on 
the tissues ^emselves, as it is distributed by the systemic 
circulation, or on the elements of respiration they con- 
tain. In the lattor case, carbonic acid gas and water are 
the result ; in the former, carbonic acid, water, and am- 
monia. But these changes caU not take place without an 
elevation of temperature. Carbon and hy<^gen can nei- 
ther bum in the air nor in the animal system widiout 
evolving heat. The high temperature which an animal 
can maintain ih, therelore, directly propMtional to the 
quanti^ of oxygen it consumes. 

The tissues being thus acted upon, give rise, during 
their metamorphoses, to new products, which require to be 
removed from the system ; these, passing under the name 
of secretions, are discharged by glands or other special 
organs. Thus, the carbonic acid, for the most part, es- 
capes from the lungs ; the ammonia through the kidneys; 
the water through both those oreans and the skin. Lie- 
big has attempted to show that if the elements of urine 
be added to the elements of bile, they will represent the 
elements in the blood ; and there can be no doubt that 

a a man OMke, on an averagB, in a minnteT 
' ere lohodBced at eiufa iupiiatian ) Wbtt 
inoftheblDodT Wlitt iclin don Die oxr. 
«nmttoaooea exert f In what d«. aiiimid heat arise! Throqgh^i 
aiannel. an the leading >acietniu, water. amoBniiL aiid ouW: scid. 
™ inaDnna and bits conjointly and thoie of the blood f 



Digniod., Google 



mJTBITION Of MILK. 397 

the mtehatea and phoBphat«s found in the urine Bnae di- 
reedy from the nilphur and phoaphorua previously exist- 
ing in the muscular fibre and nerrous matter. 

As an illustration of the principles here given in rela- 
tion to the junctiona of nutntion and secretinn, the con- 
■titatio& uid propertiei of milk may be cited. The fol- 
lowing is an anaijsiB of it; 



W.tOT 

BaltOT 


'.%t^ 






Sods le oonbbwtica'wiai'ciMiin' 


. Ml 
-H 

'. -84 
1009W 



<^ Ax Babotances here mentioned, eiSl are undoubtedly 
obtained directly from the food. In the herbage on 
which & giaminivorous, milk-giving- animal feeds, every 
ooA <rf titese coudtoents occurs. I have dready shown 
that the butter, or fat, and the caseine are thus directly de- 
rived, and the evidence is equally complete that all the 
aalu t^ phoapboric acid and chloiine arise from the same 

A young animal, which, in the first periods of its life, is 
nourished exclusively on milk, finds in that milk all the 
various compounds it requires for its own existence and 
growth. The respiratory food is diere — it is the buiter 
and milk sugar ; the uitrogenized food is there — it is the 
caseine; and we have already seen that albumen and 
easeine are both conveidble into fibrine; the caseine, dius, 
in the mother's milk, becomes converted into flesh in the 
young animaL To insure the grovrth of its bones, phos- 
phate of lime (bone earth) 19 preBent; there is also chlo- 
rine to form die hydrochloric acid of its gastric juice, and 
soda, which is an essential ingredient in its bile. 

It remains now to add a brief descripdon of the prop- 
erties of the remaining leading animal substances, among 
which may be mendoned : 

Tram what do Ae nlphiEei and pbofpbKei of Ae urine ariie 1 Wbtt 
' ara Afl chief eonatitaeiiM of ndlk T From what icnrce are tber derived T 
WhM becenea of the butter, milk svgtr, caaeine, pboiphale Dfunw, Mo- 
■ rine, and aoda in fee body cS ibe yoong vumal T 
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Chtlk is usually of a white or reddisli white dnt. It 
reaemblea blood in constitution and power of coagulat- 
ing. It contains much fat, which gives to it a cream-like 

Mirccrs exudes from the aur&ce of mucous membranes. 
It fa of a white or yellow color, of a viscid constitution, 
and insoluble in water. It dissolvea in b. solution of pot- 
ash, and is precipitated by on alkali. 

Pes, a secretion from injured surfaces, resembling mu- 
cus in many respects, but distinguiahed by not being sol- 
uUe in poO^ solution, but convei^d by it into a gelat- 
iaouB bc>dy, which can be pulled out in direads. 

3ii.E, a yellow liquid, secreted by the liver from the 
portal blood ; it turns green in the air, has a bitter taste 
and an alkaline reaction, due to the presence of soda. Its 
coloring matter is chlorophyl. It is regarded as a. 
choleate of soda, the constitution of choloic acid being 
Cjtt^M^iO^ Of the corractoess of l^is formula there 10 
considerable duubt, since it has been recently affirmed 
that Taurine, which is a derivatire body, coDtams a large 
amount of sulphur. 

TJuNB, a yellow -colored fluid, secreted by the kid- 
neys; has an acid reaction ; its specific gravity from 1*005 
to 1*030 ; putrefies at a moderate temperature, its urea 
passing into the condition of carbonate of ammonia. The 
chief constituents of urine are urea, uric acid, the sul- 
phates and phosphates of potash, soda, lime, ammonia, 
and a yellow coloring matter, with mucus of the bladder. 
The constitution M the urine changes in disease. In 
Diahetet it contains grape sugar, as may be shown by the 
test of sulphate of copper, already mentioned. Diabetic 
urine may even be fermented with yeaat, and alcohol dis- 
tilled from it. 

UittNAKT C&LC17LI are stony concretions often fonned 
in the bladder of man and many animals; they are of dif- 
ferent kinds : Ist. Uric acid. 2d. Urate of ammonia. 3d. 
Phosphate of lime, magnesia, and ammonia. 4th, Ox- 
alate of Ume, or mulberry calculus. 5tb. Cystic and xan- 
tUc oxides. 

Wlutiadn'let Wbuiimociul How mftv pni be diMfiuaulied fton 
macut Wh»t»ra the chief propartiet of bile 1 Fnan wbaHi it iniBad f 
"What doea Uoiiue ccmtuo 1 Wbii are the cUef < 
Bbir Du^ innr be detactod is •UibetJc nriDet 'f 
"«y iMlcnli ire then f 
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Bones consist of two parts ; an aaimal and an earthy 
matter. The latter is die pbospbate of lime (bane earth). 

Nertous Mattes coDsista tn on albuminons snbstanca 
^th several fatty principles, distinguished by the remark- 
able fact that they contain phosphorus. In addition, it 
contains chtolesterine. 

It would not agree with the object of these Lectures 
were I here to offer any detailed remarks on th6 func- 
tions of the brain and the nervous system. Of the action 
of the lungs, the liver, the kidneys, ch' other such organs, 
we are beginning to have a very distinct idta; but itia 
altogether different with the functions of the cerehro-spi- 
nal axis ; there every thing is in mystery and darkness ; 
yet it is in what may be hereafter discovered in relation 
to the action of this s jatem that our chief hopes of the ad- 
vance of animal chemistry and physiology depend. 

Of what are bone* oonipaied T WhU ire Ihs chief cgnititDeiiU of 
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